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PREFACE BY THE COMPILER 


The fascinating stories of science which, through the 
kind permission of the publishers, Messrs. Methuen 
and Co. Ltd., and the Executors of Sir Ray Lankcstcr, 
are incorporated in this volume of “ The Thinker’s 
Library,” were written by one of the greatest zool¬ 
ogists of the century, Professor Sir E. Ray Lankester, 
F.R.S., and have been specially selected and abridged 
from his two instructive books, Science from an 
Easy Chair and More Science from an Easy (hair. 
Professor Ray Lankester, like Huxley and Tyndall 
before him, possessed the happy knack of clothing 
the dry bones of science in a fashion that renders 
t em particularly attractive to the average person 
who has not had a scientific training. Probably 
one reason of his success was that he dealt chiefly in 
amdiar things-oysters and frogs, clothes-moths and 
trout Christmas puddings and Easter eggs, sunshine 

ndse b tQ mention but a few Qf the su5 ect 

whl t Ve K ad *° be excluded from this book, but 
succeed ' S h ° Ped may >et be gathered together in a 
with T' Moreover ' he d «alt not so much 

tecrib^n r"Y aS With facls ’ and ‘hese were 
most of hi _ P . a ! n Enghsh and homely terms, so that 

as when >, vntlng ,s as valid and infonnative to-day 

**3 he 6 C S e P ,r ‘° Paper ' ThC e "'°-™-t and 
6 he himself experienced in the pursuit of 
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knowledge he wished others to share with him, and 
the greater part of his life was spent in striving to 
make it as clear to mankind generally as to himself 
that in science alone lies the salvation of humanity. 
A master in his own line of research, he yet retained 
intimate contact with the collateral branches of 
science. Having hitched his wagon to the star of 
truth and intellectual honesty, he was impatient of the 
academically-minded type of learning that riots in a 
demonstration of long-worded and often meaningless 
jargon, and his attitude towards any obscurantism 
and mysticism in biology was one of uncompromising 
hostility. When confronted with phenomena he 
was not in a position to elucidate in terms of physics 
and chemistry—such, for instance, as certain of the 
“ unique and truly awe-inspiring processes which go 
on in the protoplasm of living things he candidly 
confessed his ignorance and vehemently denounced 
those who, in a similar position, resorted to the 
subterfuge of obscurum per obscurius. “ We are no 
whit less reverent,” he says, “ in no degree less im¬ 
pressed by the wonder, immensity, and mystery of 
the universe than those who, with happy and obsti¬ 
nate adherence to primitive conceptions, think that 
they can explain things by calling up vital essences 
and wandering spirits.” He once compared every¬ 
thing that it is possible for us to know with the 
contents of a mathematical bracket, and all " un¬ 
known and unknowable possibilities to a factor 
“ x ” placed outside the bracket. " This factor * x ' 
is,” he said, " the plaything of the metaphysician,” 
and, though he confesses to being not indifferent as to 
what “ x ” may or may not be, he yet holds that the 
correct scientific attitude is neither to affirm nor to 
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deny its existence, and never, as is not infrequently 
done, to mistake it for the contents of the bracket. 

If any action is to be perfectly accomplished it 
must be independent of thought. The complex 
movements requisite to playing the piano or riding 
a bicycle are erratic—sometimes painfully so—in the 
learning, that is thinking, stages. Not until they 
have become " automatic ” are such acts perfect. 
This well-known principle applies to everything we 
do—dressing, shaving, writing, and even walking. 
About the year 1888 Ray Lankester was engaged in 
the study of centipedes, and he endeavoured, with 
apparently very partial success—for the cinema- 
camera had not yet been invented—to ascertain the 
order in which the legs of the creature moved. He 
came to the conclusion that any centipede who tried 
to think the matter out for itself would get into 
trouble; indeed, so amused was he at his own dis¬ 
comfiture that he broke out into verse 1— 

A Centipede was happy quite 
Until a Toad in fun 

Said, “ Pray which leg moves after which ? ” 

I his raised her doubts to such a pitch, 
bhe fell exhausted in the ditch, 

Not knowing how to run. 

Charles M. Beadnell. 
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CHAPTER I 


PROTOPLASM, LIFE, AND DEATH 

The result of the study of living cell-substance, or 
protoplasm, is to show that every cell has an in¬ 
dividual life, and often makes this manifest by its 
movement, change of shape, and internal currents of 
granules, as well as by the special chemical substances 
it produces and consumes. All depend for their 
activity upon the presence of free oxygen; all are 
killed by heat far less than that of boiling water; 
they continually imbibe water charged with the 
chemical substances which nourish them and cause 
them to grow in bulk and to divide into two; and they 
manufacture various chemical bodies in the proto¬ 
plasm and emit heat, electrical discharges, and some¬ 
times light. Some or other of them, in fact, do in 
their small microscopic way all that the complex, big 
animal or plant, of which they are constituents, is 
seen to do. The cells of the liver manufacture the 
bile, those of the salivary glands the saliva, and those 
of the intestinal wall a mucous fluid, and squeeze out 
or eject those products into the adjacent ducts. 
Other cells lay down (as cell-wall or coating) fibrous 
and hard substances which form the skeleton; others 
become converted into horn and are shed from the 
surface of the skin in man as “ scurf "; others form 
the great contractile masses called muscles. One lot 
are told off to control the other cells by something 
resembling a system of electrical wires and batteries 
-—these are the nerve-cells, with their fine, thread¬ 
like branches, the nerve-fibres, which are long enough 

i 
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to permeate every part of the body and place it in 
connection with the nerve-cells in the great centres 
called brain, spinal cord, and ganglia. 

It is now known that every cell has originated by 
the division of a pre-existing cell into two, the 
nucleus of the mother cell first dividing and then 
the rest of the cell. “ Every cell originates by the 
fission of a preceding cell ” is the law, and to that is 
added, “ Every individual organism, plant or animal, 
itself originates from a single cell, the fertilised germ¬ 
cell.'' These are two laws of fundamental importance 
in the study of living things. They are true of man 
as well as of the smallest worm; of the biggest tree 
as well as of the most insignificant moss or water- 
weed. When the fertilised egg-cell divides, and its 
progeny keep on dividing and growing in bulk by the 
conversion of nutriment into protoplasm, the dividing 
cells do not necessarily become entirely nipped off 
from one another. In large tracts of cells (or tissues) 
we often find that the neighbouring cells are con¬ 
nected to one another by excessively fine filaments 
of protoplasm. It was supposed, whilst the neigh¬ 
bouring cells were thus connected as a rule in animals, 
as well as being often connected to the finest nerve- 
filaments, yet that in plants the firm, box-like cases 
which surround the protoplasm—and when seen dried 
and empty by Robert Hook led him to introduce the 
word “ cell " to describe them—form completely shut 
cases, so that the living protoplasm of each plant-cell 
is entirely cut off from its neighbour. This has been 
found to be a mistake. The cell-wall in a great many 
plants, though so firm and cleanly cut in appearance, 
is yet perforated by fine threads of the cell protoplasm, 
so that each cell is in living communication with its 
neighbour. Thus, in plants as well as in animals, 
the individual cell-units form a more or less continuous 
whole of living matter, separated by dead, inert cell- 
walls and products of cell activity; but, nevertheless, 
connected in definite tracts and regions to one another 
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by continuity of the living matter in the form of 
excessively fine threads. 

Those animals and plants which are built up of 
many cells of many varieties—that is to say, all but 
the unicellular kinds—may be considered as com¬ 
posite organisms—cell-states or communities in which 
the individual cells, all derived from one original 
mother-cell, are the citizens, living in groups and 
habitations (tissues), having their different occupations 
and capacities, carrying on distinct operations and 
working together for the common good, the “ life,” 

as we call it, of the individual plant or animal which 
they constitute. 


Protoplasm has been called “ the physical basis of 
life. ^ Since the activities to which we give the name 
life reside in protoplasm, and are chemical and 
physical activities like those of other bodies, even 
though more subtle and complicated—we are justified 
in regarding protoplasm as the substance in us and 
other organisms which “lives.” Death consists in 
the destruction—the chemical undoing or decom¬ 
position of protoplasm. 1 In simple microscopic 
unicellular animals and plants, this is obvious—so 
ong as the protoplasm retains its chemical structure 

n ?\ d ead.” Dewar has shown that bacteria 
are not killed by extreme cold, the temperature of 

£ y , dr °S en - When thus frozen they remain 
™ even m this condition liable to be 

ravTof by r e ff? SU T^ t0 the blue and ultra-blue 
rays of sunlight! Life was defined by Herbert 

to^ external COI * inuous ’ adjustment of internal 

to external relations,” and this implied that what is 


name given tothe soft i gG C , hermcal impound ; it is the 

many chemical^JSn* S i lmy substance of cells - and contains 

on the wav to dS r~ pr u te,ds ’ fats ' and others l some 

process ot destSctkin^Thl che . mic . al , oomp^^ity; others in 

concealed in Drotnnlacm T^ e cntica tughest chemical body 

It is a protdd P likl hSf has . n o generally recognised name. 

hydrogen and c ?“ s,stin g chl ^Y of carbon, oxygen, 

yurogen, and mtrogen, with some saline constituents 
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called “ suspended animation" was not really a 
possible thing, but that there could only be an 
apparent or approximate suspension. On the con¬ 
trary, it seems that just as we may stop a watch by 
holding back the balance-wheel with a needle, and 
yet not “ kill ” the watch—for it will resume its 
movement as soon as the needle is removed—so the 
changes of the chemical molecules of protoplasm can 
be arrested ; if the chemical “ structure " is uninjured 
the mechanism of protoplasm can resume its activity 
when the arresting causes are removed. The inactive, 
unchanging protoplasm is not “ dead," it has not been 
“ killed " so long as its mechanism is intact. 1 

On the other hand, it is the fact that this mechanism 
—the chemical structure of protoplasm—is very 
easily destroyed. A unicellular organism is chemic¬ 
ally "destroyed by crushing or disruption, also by a 
temperature high enough to cause pain if applied 
to our skin, but yet much below that of boiling water, 
also by strong sunlight, and by very many varieties 
of chemical substances, especially acids, even when 
very much diluted. Complex animals and plants are 
liable to have the protoplasm of essential and import¬ 
ant cells of the body destroyed, whereupon the 
destruction or death of the other cells, not involved 
in the original trouble, frequently and as a rule 
results. The protoplasm of the cells of a complex 
animal is dependent on the proper activity of many 
other cells besides those of its own tissue or locality 
in the body. If the protoplasm of certain nerve-cells 

1 It is questionable whether Sir Ray Lankester's analogy 
disposes of the cogency of Herbert Spencer’s famous definition. 
Living matter is more than mere mechanism, for it includes a 
mode of motion going on in the mechanism. The needle does 
not destroy the mechanism of the watch and the temperature 
of liquid hydrogen does not destroy the mechanism of the 
protoplasm of the microbe, but in both instances the char¬ 
acteristic “ mode of motion " is completely, if temporarily, 
arrested. The watch is not ** going,” but retains the capacity 
for doing so; similarly the microbe is not “ living,” but retains 
the capacity for “ life.”—C. M. B. 
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or of blood-cells or of digestive-cells is poisoned or 
injured or chemically upset, other cells lose as a 
consequence—not at once but after a short interval 
—their necessary chemical food, their oxygen, their 
accustomed temperature, and so bit by bit the great 
“ body "—the complex organism—ceases to live, 
that is to say, its protoplasm undergoes step by step 
and bit by bit irrevocable chemical change or breaking 
down. 

When a man enters upon that condition which we 
call “ death,” the general muscular movements first 
* cease, then the movements of respiration (so that a 
mirror held to the mouth was used to test the coming 
and going of the breath, and the absence of a film of 
moisture on the mirror’s surface was held to be a 
proof of death), then the movement of the heart, 
which is followed by the awful pallor of the bloodless 
face and lips, and the chilling of the whole body, no 
longer warmed by the blood-stream. But for long 
after these changes have occurred the protoplasm of 
the cells in many parts is not injured. The beard of 
a corpse will grow after all the great arrests of move¬ 
ment above noted have been established for hours. 
In cold-blooded animals, such as the frog, the proto¬ 
plasm of the muscles is still uninjured many hours 
after decapitation, and they can be stimulated and 
made to contract. Death, in fact, only occurs in the 
tissues of a multicellular animal, as their protoplasm 
becomes chemically destroyed by injurious tem- 
peiature, poisonous accumulations, or active bacterial 
germs, which become predominant owing to the 
stoppage of the great mechanisms of breathing, 
circulation, and nerve control. 

Np 1 ® 11 tl ie chemist examines living cell-substance or 
protoplasm as free as possible from dead envelopes 
ana products of its own activity—so as to make out, 
it he can what it is chemically, he finds that it con¬ 
sists of the elements carbon, oxygen, hydrogen, and 
rogen, with some sulphur. Phosphorus and some 
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potash, soda and lime in small quantity, are also very 
usually associated with the elements named. These 
are combined in the protoplasm so as to form chemical 
compounds resembling and including white of egg, 
and are called “ proteids.” A chemical compound 
is a very definite and special thing, and when one says 
so-and-so is a definite chemical compound, one means 
that it is not a mere “ mixture,” but is composed of 
chemical elements (out of the list of about ninety 
indestructible, undecomposable, “ simple ” bodies— 
gases, liquids, metallic and non-metallic solids), 
peculiarly united to, or “ combined ” with, one 
another in definite proportions by weight. 

Take, as an example, water. Water is a definite 
chemical compound, formed by the chemical union of 
two pure elements, the gases hydrogen and oxygen 
—eighteen ounces of water consist of two ounces of 
hydrogen and sixteen ounces of oxygen. At a tem¬ 
perature above that of boiling water the gases, when 
they unite, contract to form water-vapour, three 
pints of the uniting gases (consisting of two pints of 
hydrogen and one of oxygen) forming two pints only 
of water-vapour. This, when it is cooled to a tem¬ 
perature below 212 deg. Fahr., suddenly contracts to 
a few thimblefuls of pure liquid water. Neither 
oxygen nor hydrogen “ uncombined ” liquefy till far 
below zero. 

A proteid, in the same way, is a chemical combina¬ 
tion of the elements already mentioned—carbon, 
oxygen, hydrogen, nitrogen, and sulphur—but the 
proportions by volume of these elements to each other 
are represented by very high figures, not merely by 
two to one, as in the case of water. It is the carbon 
in them that makes “ proteids ” turn black when they 
are destroyed by burning, and it is the sulphur which 
causes the smell of rotten eggs. Whilst a molecule 
or ultimate physical particle of water consists of 
two atoms of hydrogen and one of oxygen—the 
molecule of the proteid called “ albumen ” is built 
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up by seventy-two atoms of carbon, one hundred and 
twelve atoms of hydrogen, eighteen atoms of nitrogen, 
twelve atoms of oxygen, all brought into relation with 
one atom of sulphur. The elaborate “ atomic 
composition " 1 of a molecule of proteid renders it 
very unstable; it easily falls to pieces, the elements 
combining, in other and simpler proportions, to form 
less " delicate ” bodies. Living protoplasm consists 
chiefly of proteids and of compounds which are on 
the way up, forming step by step more elaborate 
combinations till they reach the proteid stage—and of 
many others which are degradation products, coming 
down, as it were, from the giddy heights of the proteid 
combination. The protoplasm of a cell contains finer 
and grosser granules, which are these ascending and 
descending substances; it also contains others in 
solution and invisible—for, like a lump of jelly, 
protoplasm can soak up either a large or a small 
quantity of water, and with the water (that is the 
important point) all sorts of soluble chemical bodies. 
Just as a lump of quivering jelly (which is a chemical 
compound of a lower grade than proteids, but like 
them), when placed in a shallow dish of water coloured 
red by carmine, does not dissolve in the water, but 
absorbs the water and the carmine, allowing the 
coloured water and any chemical bodies in solution 
in it to diffuse into and become physically, though 
not chemically, a part of its substance, so protoplasm 
takes up water and the compounds dissolved by it. 
Just as a " jelly ” of water-holding gelatine can give 
up its water and become hard and homy, so is proto¬ 
plasm capable of gradually giving up much of its 
water, and even in some cases of becoming hard and 
homy, yet able to return, when remoistened, to its 
active state. Moreover, a " jelly " can be made to 
soak up ” or take into itself water and let it pass 


A* ^I CCen ? for P ula f ° r P rotein is S iven ^ (C m H m N„S0 7l ) n. 
nmhoKi wei §hts appear to be over 15 , 000 , it is 

probable that • • n * ’ is at least 3 —C. M. B. 
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through its substance, so as to wash out from it all 
soluble matters. In the same way the protoplasm 
of a living cell is supplied with nourishing and oxygen¬ 
ating fluids which diffuse into it, and is “ washed out," 
purified, and cleansed of waste or effete chemical com¬ 
pounds by the water which first permeates it, and 
then diffuses out of it into surrounding watery fluids 
carrying the excess of soluble chemical bodies with it. 

Whilst proteids are the compounds of the highest 
stage of chemical complexity recognised in proto¬ 
plasm, and appear to form the bulk of its substance, 
we must carefully avoid the error (which is not 
uncommon) of supposing that protoplasm is itself a 
definite chemical compound. It is not. Cell-proto¬ 
plasm includes the nucleus, that denser central body, 
and is a structure consisting of “ proteids ” and of 
many granules and dust-like particles, and of more 
and of less liquid parts which are less complex in 
chemical nature than are proteids. Some of the 
visible granules and invisible liquids present in proto¬ 
plasm are being built up to the proteid stage of 
elaboration, whilst some are steps in degradation and 
decomposition. We have no reason to suppose that 
the molecules of any p rote id. known at present to the 
chemist really are tfie highest degree of chemical 
complexity attained to in living protoplasm. Prob¬ 
ably there is present a further stage of elaboration, a 
chemical body even more complex than is " proteid,” 
which is continually attracting the lower chemical 
compounds to itself and as continually breaking down. 
This is the ultimate chemical substance of life. It is 
hidden invisibly in the protoplasm, yet all the chemical 
changes which go on in the protoplasm of a cell are 
either leading up to this supreme life-stuff or are 
leading downwards from it. This ultimate com¬ 
pound, which we suppose to exist but have not 
demonstrated, has been called “ plasmogen.” It is 
this body in which resides the peculiar property of 
living matter, namely, that of attracting to itself 
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substances containing the so-called “ organic ” 
elements—carbon, oxygen, hydrogen, and nitrogen 
—and of acting on them in such a way that they 
“ nourish ” it—that is to say, combine chemically 
with it to form more " plasmogen." 

The intermediate steps leading up to plasmogen 
and the products arising from its incessant breaking 
down are formed under the influence of this unique 
chemical body, and by it alone. Chemists have not 
yet succeeded in making them ; only the less elaborate 
kinds have been “ artificially ” constructed without 
the aid of the living plasmogen. To construct plas¬ 
mogen itself is a task for the chemists of the distant 
future. In early geological ages plasmogen came 
into being; it has gone on ever since “ nourishing ” 
itself, maintaining itself, growing and spreading over 

eart h. It is improbable that the conditions 
which led to its formation have ever recurred. All 
subsequent plasmogen has been formed by the growth 
and increase of that first sample of it, which once in 
a remote period of the earth’s history was built up 
V chemical conditions, which came to an end as 
soon as they had produced it. 1 

, on ly process in nature of which we know, 

tni 1C ^i!? Sem k* es ^ ie " building ” action of plasmogen, 
the ultimate molecule of life, buried in the cell’s 

Hral° * 1S t , he selective action of crystals, which 
Jrfc l? t hen ? sel , ves fr °™ a solution or magma of all 
natn™ .^ he ? lcal bodies those molecules of a chemical 
hun ! ^entical with their own, and build them up 
to special and definite crystalline forms. 2 But 
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there is a very wide gap between this process and 
even the mere assimilation by living matter of the 
organic elements, so as to raise them from a lower to 
a higher grade of chemical complexity of combination. 
And over and above this we have added, in the case 
of living material, to the mere power of assimilation 
and growth the almost unthinkable complications 
and variations of specific form and quality, and yet 
further of individual form and quality, which are 
determined by special complications and variations 
of the plasmogen, that unique compound concealed 
in the cell-protoplasm. 

We cannot at present, if ever, picture to ourselves 
adequately the mechanism of plasmogen, though the 
attempt has been, and must be, made. But we can 
watch its workings closely; we can ascertain the con¬ 
ditions which promote, check, or modify its activity; 
in fact, we can observe its output and experiment on 
it in a thousand ways, and so get more and more 
knowledge of it. We are not led to suppose that it 
is possessed by a demon, nor that in it resides an else¬ 
where unknown essence. It is enough for us to satisfy 
ourselves that its qualities, whilst they can be grouped 
with the chemical and physical qualities of other 
bodies, so far transcend them in complexity and in 
immensity of result—the whole creation of plant and 
animal life—that their appearance constitutes in 
effect a new departure, a sudden and, to us, un¬ 
accountable acquirement. But then we must remem¬ 
ber that it is also an unaccountable thing to us that 
water suddenly becomes ice at a low temperature, 
and suddenly becomes vapour at a high temperature, 
even if we are able to imagine the mechanism which 
necessitates those changes. We cannot " explain " 
the nature of things. Even though we can classify 
them and arrange them in order, and more or less 
satisfactorily guess what their inner mechanism is, we 
cannot, in our present state of knowledge, trace them 
in detail to a first beginning. Even though we believe 
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that such a history lies behind us, we ourselves cannot 
as yet show how exactly every quality and property 
and form of matter has developed in due order as a 
matter of necessity during the cooling of the cosmic 
gas. All we can do is to ascertain, bit by bit, some 
sequences, some lines of orderly development and 
interaction, adding thus step by step to our know¬ 
ledge of what has taken place. 

Is it, then, necessary to suppose that a something, 
an essence, a spirit, an intangible existence called 
“life” or “vitality,” or-the “ anima animans,” 
passes away, or, as it were, evaporates from a tiling 
which was living and is now dead ? Assuredly no 
more than it is necessary to suppose that an essence 
or thing called “ death ” takes possession of it when 
it ceases to carry on the changes which we call 
“ living.” It must not be supposed that we regard 
the unique and truly awe-inspiring processes which 
go on in the protoplasm of living things as something 
simple, easily understood and accounted for, because 
we have given up the notion that life is an entity 
which enters into living things from without and 
escapes from them at death. The real fact is, that 
the notion of “ spirits,” whether of a lower or of a 
higher kind, supposed to enter into and “ affect ” 
various natural objects, including trees, rivers, and 
mountains, as well as animals and man, does not help 
us, and only stands in the way of our gaining more 
complete knowledge of natural processes. When we 
say that life and even its most tremendous outcome 
the mind of man—are to be studied and their 
gradual development traced as part of the orderly 
unfolding of natural processes, we are no whit less 
reverent, in no degree less impressed by the immensity 
and mystery of the universe, than those who, with 
happy and obstinate adherence to primitive concep¬ 
tions, think that they can explain things by calling 
up vital essences and wandering spirits. 



CHAPTER II 


THE SIMPLEST LIVING THINGS 

In old times, if one wanted to compare a man to the 
humblest and simplest of animals, one called him “ a 
worm.” But really a worm is a very elaborate 
creature, with skin,muscles, blood-vessels, kidneys, and 
nervous system, pharynx, stomach, and an intestine, 
and is built up by hundreds of thousands of proto¬ 
plasmic cells. An egg is a single cell of protoplasm, 
and the simplest living things are of the same struc¬ 
ture—mere units, single corpuscles of protoplasm, 
often less than the one-thousandth of an inch in 
diameter, and invisible except with the microscope, 
though in some cases big enough to be seen by the 
naked eye as they swim or crawl in a glass of pond- 
water. 

Many of these unicellular animals (or “ Protozoa ”) 
crawl by a curious irregular flowing movement of the 
viscid tenacious protoplasm of which they consist. 
There is no firm coat or cell-wall, only the thinnest 
pellicle on the surface. The Proteus-animalcule is 
so called because of its constant change of shape; 
it is also called Amoeba on this account. It flows out 
into broad, sometimes elongated, finger-like pro¬ 
cesses, of which one or several of different sizes may 
be formed at the same time, and then quickly dis¬ 
appear as the whole creature moves. Solid particles 
of food—minute unicellular plants—are engulfed by 
the moving viscid protoplasm and digested within it 
—that is to say, chemically dissolved, just as food is 
digested in the stomach of a big animal. The colour- 
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less cells of our blood and lymph are called amoe¬ 
boid,” because of their identity with an Amoeba in 
shape and movement and digestive power. In some 
of these animalcules the processes of the protoplasm 
are in the form of very fine, long spreading threads 
which entangle a food particle, and then contract, 
drawing it up into the disc-like central body. 

A whole group or division of these simplest animals 
are provided with special moving or vibrating hair¬ 
like extensions of the protoplasm called ” cilia,” that 
being the Latin name for “ eyelashes,” to which they 
are compared. These cilia are arranged with great 
regularity in rows, circlets, or spirals, on the surface 
of the ” cell.” They are found not only on cells 
which are independent unicellular animals and plants, 
but also on cells which form the clothing or surface 
layer of many larger animals. Thus, in ourselves, 
they are found lining the windpipe, and they also line 
the internal cavity of the brain and spinal cord. 
The gills of the oyster, and such shell-fish, and other 
parts of their skin, are paved with ciliated or cilia- 
bearing cells, set side by side in thousands. A single 
” cilium ” is like a little lash of a whip, and is always 
making its lashing movement. For a fraction of a 
second it is straight and upright, then suddenly 
curves over and bends to one side with a “ flick,” and 
immediately recovers its upright position. All the 
cilia on one cell or one surface “ beat ” in the same 
direction, and with a common rhythm, so that if the 
cell is a free, independent animalcule it is driven along 
through the water by the rapid strokes of these 
numberless tiny “ oars,” or “ paddles.” If the cilia 
are on a surface—like the oyster’s gill—they drive the 
water along and create a constant current. Each 
cilium consists of an elastic and a contractile fibre 
closely fused together : the contraction of the one 
part causes a flick or bending of the hair-like cilium, 
the elasticity of the other substance causes it at once 
• to straighten out again. 
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Fig. i. —Two specimens of a bell-animalcule ( Vorticella). A, 
extended. B, with retracted disc and coiled stalk, a . 
the ciliated disc; b, the firm ring behind the disc, called 
" peristome c , the pulsating chamber, called often the 

contractile vacuole; d t a completely digested particle of 
food on its way to be cast out through the gullet; e t the 
sausage-shaped nucleus; /, a particle of food which has 
just sunk into the protoplasm from the gullet, and is sur¬ 
rounded by a little water; g, the gullet; h , the reservoir 
leading from the pulsating chamber to the gullet; i, the 
hollow stalk; k, the spirally attached muscle within the 
stalk; /, the attachment of the stalk to a weed m. 
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The ciliated unicellular animalcules (often called 
the infusoria, because they flourish in decomposing 
“ infusions ") not only swim by means of their cilia, 
but have a definite mouth or opening in the firm outer 
layer of the protoplasm of the cell, into which solid 
particles of food are driven by whirlpool-like currents 
set up by special lines of cilia (Fig. i A, a). 1 he 

mouth leads through a definite “ gullet ” into the 
interior of the cell. Remember that the whole creature 
is but a single minute cell of protoplasm ! It is only 
from the hundredth to the thousandth of an inch long 
—with nucleus [e in the figure) of denser structure 
within—just hke, in essential structure and properties, 
one single cell of the many thousands which build up 
the liver, or are packed in layers to form our outer 
skin, or are piled side by side to make the stems and 
leaves of plants. Yet here is such a cell—self-sufficing. 
When it divides the two resulting cells do not remain 
in contact as they do when a fertilised egg-cell 
divides. They simply separate, and each swims 
away, and carries on its own life. Many of them are 
fitted out with these cilia as a most serviceable loco- 
' motor apparatus, and as producers of food currents 
driving the food right in to a permanent, definitely- 
shaped mouth. Some have also a separate opening 
by which the undigested remains of the food are 
extruded. They have also a liquid-holding cavity or 
series of cavities which, when distended, contract 
and discharge their contents to the exterior. This is 
an apparatus for ‘ ‘ washing out ’ ’ the protoplasm of 
the unicellular animalcule and getting rid of excretory 
products; it is definitely comparable in its use, 
though so different in origin, to the many-celled 
kidneys and bladder of higher animals. 

One of the numerous kinds of “ bell-animalcules ” 
affords an excellent example in which we can watch 
the structures and life-processes in a single cell 
(Fig. i). It is a pear or bell-shaped body, little more 
than one-thousandth of an inch broad, supported 
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on a long, hollow stalk (though sometimes it breaks 
off from its stalk and swims freely); inside the stalk 
is a muscle ( k ), so attached that when it contracts it 
shortens the stalk by throwing it into a close-set, 
corkscrew spiral (Fig“. i B). The bell-shaped body 
has a relatively firm surface, beneath which is soft 
viscid protoplasm and a large sausage-like nucleus. 
The body can expand itself so as to look like a solid 
bell or trumpet-shaped figure, with a flat, disc-like 
surface where the “ hollow ” of the bell should be, or 
it can draw the edges of the disc together and assume 
the shape of a ball. A line of “ cilia ” is set on the 
edge of the bell’s disc (a) and takes a spiral course. 

There is a deep pit on one side of the disc. This is 
the mouth. A powder of fine particles—boiled bac¬ 
teria, in fact, are what I have used—is introduced into 
the water between two slips of glass in which the bell- 
animalcule is displaying itself under our microscope. 
We see the particles whirling about in a vortex, hitting 
the disc of the bell-animalcule and then driven into 
the pit or cavity of the open mouth, whence they sink, 
enclosed in a sphere or droplet of water (/) into the 
internal protoplasm ! If the “ boiled bacteria,” 
before they are introduced, are stained with an 
alkaline blue such as blue litmus, they are seen in the 
course of a few seconds to turn red—showing that an 
acid has been secreted by the protoplasm (probably 
accompanied by a ferment) into the little sphere of 
water, in which the digestion of the boiled bacteria 
now goes on. In the course of a few minutes you 
will see the little sphere of water dwindling in size 
—the nourishing liquid being absorbed by the proto¬ 
plasm—and then you will see the undigested frag¬ 
ments passed on by a slow movement to the vestibule 
or “ pit ” of the mouth, extruded through a temporary 
opening from the protoplasm, and whirled away by 
the water currents! If you colour the ” boiled 
bacteria ” with water-soluble anilin-blue you will see 
that the colour vanishes from the particles taken into 
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the bell-animalcule's protoplasm, and presently an 
independent sphere of bright blue liquid begins to 
form in the protoplasm. This sphere or globule is 
the renal organ mentioned above here very simple 
and single. It is called the pulsating chamber or 
“ contractile vacuole.” It enlarges rapidly, filling 
with blue liquid, then suddenly contracts, squirting 
its contents out through a special reservoir (h) into 
the mouth-pit (as shown by an arrow in the figure). 

The nucleus of these unicellular animals is often 
elongated (e), and shaped according to the general 
shape of the animalcule; but it is the same thing as 
the “ nucleus" of all cells, whether of plants or 
animals—a denser “ kernel ” of protoplasm, limited 
by its own delicate sheath or membrane. It shows, 
like the cell-nucleus of ordinary cells, a special 
affinity for certain dyes, which do not stain the rest 
of the cell, so that it can be made very obvious and 
clear when the animalcule is killed by alcohol, picric 
acid, or other preservative solutions, and then 
stained; and it shows a curious breaking-up of its 
substance into thread-like fibres when the animalcule 
is about to divide into two—as is seen also in all 
cells when the regular process of division of one cell 
into two commences. The larger animalcules have 
enabled us to find out what are the special properties 
of the nucleus of cells, as contrasted with those of 
the rest of the protoplasm. The trumpet animalcule 
(Stentor) is a single cell, and though only one-thirtieth 
of an inch long, is large enough to be cut into pieces by 
very skilful use of a fine blade. It is found that, if we 
cut the Stentor into four or five bits, all continue to 
“ live ” ; that is to say, to swim about by the vibration 
of the hair-like cilia on their surface. But those bits 
which have no part of the nucleus in them die after a 
few hours. They cannot take nourishment nor grow. 
On the other hand, all the bits which comprise a slice 
of nucleus commence to contract, and shape themselves 
like the original Stentor, then form a mouth, and take 
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nourishment, and grow up to be fully-sized, complete 
Stentors—animalcules like that by the cutting-up of 
which they were formed. This and similar experi¬ 
ments are held to prove that the processes of nutrition, 
growth, and production of specific form are dependent 
on the nucleus. In its absence, you may have con¬ 
tractility and active movement for a time, but no 
repair, no building-up of new material, no directed 
or seemingly “purposive" movement. Such move¬ 
ments, namely, advance in one direction, arrest, 
hesitating, or exploring movement to the right and 
left, followed by rapid retreat or advance in a straight 
line, are often exhibited by these minute animalcules, 
and cannot be distinguished in character from those, 
say, of a fly or even of a mouse. 

These facts throw a great light on the significance 
of the structure of the protoplasmic cell, and show 
that the universal presence of the nucleus in every 
cell is due to the fact that it plays the most important 
part in its life. It is the seat of control, and contains 
substances in virtue of which the changes which con¬ 
stitute growth and form-production take place, and 
in the absence of which the rest of the protoplasm 
cannot “carry on," although for a time it lives; 
that is to say, remains chemically undecomposed, 
and shows active movement. At the same time, we 
must not underrate the importance of the general 
protoplasm, without the presence of some of which 
the nucleus cannot do its work, nor even exist. It is 
no wonder, then, that when a cell divides, there are 
curious and elaborate proceedings in the nucleus, by 
which each daughter cell gets its due half of the all- 
important nuclear substance. 

The fission or splitting of the cell is preceded by 
peculiar changes in the nucleus. There is a material 
in the nucleus of every cell—of those which are 
simple animalcules, as well as of those which are 
egg-cells and sperm-cells, and of those which form, 
heaped up in enormous numbers, the living substance 
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of larger animals and plants—a material which is an 
elaborated sort of proteid and stains strongly with 



Fig. 2. —Six successive stages in the division of a “ cell,” to 
show the appearance of the V-shaped filaments of chrom¬ 
atin. a, resting-cell, with chromatin dispersed as fine 
irregular filaments in the nucleus; b, the chromatin takes 
the form of twelve loops; c, the loops break from one 
another, and form twelve separate V-sliapcd pieces; 
d, each of the twelve pieces divides along its length into 
two parallel V-shaped pieces; e, the divided pieces now 
separate from one another, so as to form two wreath-like 
groups of twelve V-shaped pieces at each end of the cell; 
/, the wall of the cell forms between the separated groups 
of V-shaped pieces, which lose their regular arrangement. 
Each group becomes enclosed in a capsule, and is the 
nucleus of a new cell. 


carmine, logwood, and such dyes, and is called 
" chromatin.” It exists often in the shape of 
minute granules and filaments (Fig. 2 a), but always 
takes on, sooner or later, the form of irregularly 
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undulated threads. When the cell is about to divide 
into two—as all growing and active cells do—the 
thread arranges itself like a zigzagging girdle around 
the equator of the globular nucleus (Fig. 2 b). The 
margin of the nucleus then seems to melt away into 
the general protoplasm, and the zigzag bits of the 
stainable thread break from each other, forming a 
ring-like group of V-shaped pieces (Fig. 2 c). There 
is a remarkable fact as to the number of these V- 
shaped pieces . 1 They are identical in number in all 
the cells of one species or kind of animal or plant, 
but may be of a different number in allied species. 
The salamander has twenty-four of them; some 
worms have only two, some insects thirty-six, some 
plants eight, others twelve, and so on. When the 
V-shaped pieces have thus taken up their position in 
the dividing cell, each splits longitudinally, so as to 
form two V-shaped pieces lying one over the other 
(Fig. 2 d). Then the halves separate and travel away 
from each other. In this way two circlets, each 
made up by the correct number of V-shaped pieces, 
come into place at opposite sides of the cell (Fig. 2 e). 
After this the protoplasm becomes nipped in between 
the two circlets so as to separate the cell into two 
halves, each with its circlet of exactly the correct 
number of V-shaped pieces of “ chromatin ” formed 
by the splitting of those of the parent cell (Fig. 2 /). 
It is in this way that the nuclei of the new cells are 
accurately provided with not merely half of the 
nuclear chromatin of the mother cell, but with half 
taken from all parts of it, owing to the thread-like 
form of the chromatin and the longitudinal splitting 
of the thread. 

Fertilisation of the egg-cell by the sperm-cell con¬ 
sists essentially in the junction or fusion of the nuclear 
chromatin threads of the egg-cell with the nuclear 
chromatin threads of a single sperm-cell or sperma¬ 
tozoon, which sinks into the egg-cell and fuses with 

1 Now called the chromosomes. —C. M. B. 
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it. The leading fact of interest is that the egg-cell 
and the sperm-cell have only half the number of 
V-shaped nuclear pieces which the ordinary cells of 
the same animal or plant possess. Thus a sala¬ 
mander’s ripe egg and ripe spermatozoid have each 
only twelve V-shaped pieces—not twenty-four. This 
is brought about by the parent cells, which divide to 
form the egg-cell of the female and the spermatozoid 
of the male, not splitting their V-shaped nuclear bits; 
consequently, the number is reduced to half (that is, 
twelve) in the daughter cells. Accordingly, when the 
fusion of egg-cell and sperm-cell occurs—each 
bringing twelve V-shaped pieces—the proper number 
is re-established, namely, twenty-four. In the first 
division of this fertilised egg-cell—resulting from the 
fusion of egg-cell and sperm-cell—the V-shaped 
nuclear pieces split in the regular way, and the first 
two embryo-cells are formed, each with its twenty- 
four pieces. Each of these cells undergoes the 
regular process, and so by continued growth and 
division into two an immense series of cells are pro¬ 
duced, which may separate as they form, or in the 
case of multi-cellular creatures, remain in continuity 
with one another as a bulky plant or animal. Clearly 
the whole process arises from the value to the growing 
mass of protoplasm of having its substance closely 
sown or dotted with centres of nuclear matter— 
that specially active, co-ordinating material—and of 
having those centres of equal volume and quality; and, 
lastly, of haying that nuclear matter equally, or nearly 
equally, derived from the male and female parent. 

Some of the simplest living things, consisting of but 
one microscopic cell, are animals, and some are 
plants. The essential difference between an animal 
and a plant is shown very clearly by some of these 
microscopic creatures. Animals feed on the flesh 
or proteid ’ substances manufactured by other 
animals or by plants; they also feed on oils or fats, 
ana on the sugar and starch manufactured by other 
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animals or by plants. But they cannot construct 
these “foods” themselves from the simpler stable 
chemical compounds called “ mineral bodies,” which, 
nevertheless, contain the elements they require— 
carbon, nitrogen, hydrogen, and oxygen. Such 
stable mineral bodies are carbonic acid, ammonia, 
and water. In fact, ordinary " smelling salts ” 
(which is chemically carbonate of ammonia) dissolved 
in water, if we add to it a trace of phosphates, 
sulphates, and chlorides of potash, soda, and lime, 
contain all the actual chemical elements that an 
animal needs. Yet no animal can be nourished by 
such a “ mineral ” soup. 

On the other hand, it is the special distinction of 
green plants that they can feed on this simple diet, 
and, moreover, cannot feed on anything else. The 
green colouring matter which gives its beautiful tint 
to the grass and weeds and the leaves of the big trees 
which clothe the earth is absolutely essential in this 
process; so also is sunlight. The living protoplasm 
of the green-coloured parts of plants is crowded with 
microscopic discs or plates of a brilliant transparent 
green colour. The peculiar substance causing the 
colour is called “ chlorophyll.” It can be dissolved 
out of a leaf, not by w’ater, but by alcohol or by ether, 
and separately studied. It may be seen in solution 
in the liqueur known as “ creme de menthe.” Sun¬ 
light shining on to the green parts of plant is 
“ screened ” or " strained ” by the leaf-green, so that 
only some of the coloured rays pass through it, and 
it is only by this peculiarly “ strained ” green sun¬ 
light that the protoplasm of the cells of the leaf is 
stimulated to its remarkable chemical activity. The 
carbonic acid in the air or in the w'ater in which the 
green plant is living is taken up by the protoplasm. 
Carbonic acid consists of oxygen and of carbon. 
The protoplasm, when the green sunlight acts on it, 
actually takes out of carbonic acid and throws off as 
a gas (seen as bubbles in the case of a water plant) 
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some of its constituent oxygen, thus keeping up the 
supply of free oxygen in air and water. I hen at the 
same time it combines the carbon and the rest of the 
oxygen with water {hydrogen and oxygen) inside 
itself, forming solid starch, which, with the micro¬ 
scope, we can see as little oblong grains in the green 
cells. Not only this, but the element nitrogen is, so 
to speak, " forced ” in other cells of the plant to 
combine with the three elements of the newly formed 
starch (carbon, hydrogen, and oxygen), and thus the 
first steps leading to the building up of those wonderful 
bodies, the proteids, are passed. Nothing of the sort 
can be done by the protoplasm of an animal cell. 

Consequently we distinguish among the simplest 
living things those which are provided with leaf- 
green, and feed, as do the larger green plants, on 
dissolved “ mineral" solids and gases. There are 
many thousands of kinds of them—single simple 
cells. Some are known as Diatoms and Desmids— 
often of curious spindle- or crescent-shape, others 
star-like. The diatoms form on their surface a 
delicate, wonderfully-sculptured coat of glass-like 
silica (quartz), which resists destruction and persists 
long after the protoplasm is dead and washed away. 

Those simplest living things which have not got 
leaf-green to enable them to feed on mineral food 
must—unless they are parasites (as many important 
kinds are)—get their food, as do bigger animals, by 
feeding on the solid substance of other living things. 
All living things are, in fact, ultimately dependent 
on the green plants—whether microscopic or of larger 
kinds—not only for food, but for oxygen gas. If you 
could take away green plants altogether from the 
world, the animals would eat one another and use 
up the oxygen gas of the atmosphere, and at the last 
there would be a few only of the strongest left, like 
the last survivor of the shipwrecked crew of the 
Nancy Bell, and even they would be suffocating for 
want of oxygen. The single cells, which are inde- 



24 


THE SIMPLEST LIVING THINGS 


pendent animalcules, and feed like animals on whole 
creatures smaller than themselves, or on bits of the 
fresh substance of other animals or of plants, are of 
extraordinary diversity of form and activity. Unlike 
the unicellular plants, whose food is dissolved in the 
water in which they live, the single-cell animals of 
necessity take their food in “ lumps ” into their 
inside and digest it, and so their cell-protoplasm 
has either a soft surface which can take up a food- 
morsel at any point or it has a firm surface with a 
definite mouth, or aperture, in it (see Fig. i) where 
the mouth is marked by an arrow. Many of them, 
especially those with soft glutinous protoplasm, which 
extends from the main-mass in long threads or branch¬ 
ing processes searching for food-morsels, form marvel¬ 
lous, perforated shells by chemical deposit, either of 
silica or limestone (Radiolaria and Foraminifers). 
The kinds with a firm or tough surface to the cell- 
protoplasm and a permanent mouth and gullet 
leading into the cell-substance have very usually a 
single large lashing-whip (Flagellata), which drives 
them through the water in search of prey, or they 
are clothed with hundreds of such lashing threads of 
smaller size—the “ cilia ” described above (p. 13)— 
arranged in rows or circles, whence these animalcules 
are called “ Ciliata.” The ciliates or one-celled 
animals are enabled by their cilia to move with all 
the grace, variety, facility, and apparent intelligence 
of the highest animals, and also to create powerful 
vortex-currents by which food particles are driven 
into the cell-mouth. 

It is a most remarkable and thought-stirring fact 
that here we have “ animalcules ” which are no more 
than isolated units of the kind and structure which 
go by hundreds of thousands to build up a larger 
animal—just as bricks are units of the kind which to 
the number of many thousands build up a house. 
And yet each of these free-living units has a complete 
organisation—mouth, pharynx, renal organ, loco- 
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motive organs, and so on—similar in activity and 
general shape to the system of large, capacious organs 
built up by the agglomeration of millions of cell- 
units to form the bodv of a higher animal. It is as 
though a single brick were provided with door, 
windows, staircase, fireplace, chimneys, and wine- 
cellar ! It is clear that there is only a resemblance 
and not an identity of origin between the organs of 
the multicellular animal and those of the single-celled 
animalcule. The history of the growth of an animal 
from the single egg-cell, and also the series of existing 
many-celled animals, leading from simple forms to the 
most complex, proves this. And in view of that fact 
the wonderful elaboration of these diminutive creatures 
—many of them so small as to be absolutely invisible 
to the naked eye—is all the more curious and impres¬ 
sive. We have, in fact, parallel organisation and 
elaboration of structures with special uses, in two 
absolutely separated grades or strata of living things 
—the one grade marked off by the limitation that 
only a single cell, a single nucleated corpuscle of 
protoplasm, is to be the basis and material of elabora¬ 
tion—the other and higher grade permitting the use 
of millions of single cells, of endless variety and 
plasticity, capable of hanging together and being 
grouped in layers and tissues, in such enormous 
masses that an elephant or a whale is the result. 
And we see that the same needs are met, not actually 
in the same way, but in the same kind of way, in the 
two cases—the food-orifice, the cilia, and the “ pul¬ 
sating vacuole ” of the unicellular animalcule do the 
same services as those done by the structurally 
different mouth, legs, and kidneys of the elephant. 
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darwin’s theory 

It was a great and momentous occasion when Sir 
Charles Lyell and Dr. Joseph Hooker communicated 
to the Linnean Society of London, on the ist of July, 
1858, two papers, one by Charles Darwin, the other by 
Alfred Russel Wallace, under the common title, “ On 
the Tendency of Species to form Varieties : and on 
the Perpetuation of Varieties and Species by Natural 
Means of Selection.” The reason for this conjoint 
communication to the Linnean Society was that 
Darwin, who had been working for years at the 
subject, and had already, in 1842, drawn up a state¬ 
ment of his theory, not for publication, but for the 
consideration and criticism of his friend Hooker— 
unexpectedly received from Alfred Russel Wallace, 
who was, and had been for some years, away in the 
Malay Archipelago—a manuscript of an essay on the 
origin of species, containing views identical with his 
own, and even phrases similar to those he had himself 
found it necessary to invent. Thus Wallace speaks of 
the “ struggle for existence,” whilst Darwin had used 
the term “ struggle for life.” Darwin had been urged 
by his friends before this to publish an abstract or 
statement of his conclusions, but now that he had re¬ 
ceived Wallace’s manuscript, he declared in a letter to 
Hooker, “ I would far rather burn my whole book than 
that he or any other man should think that I had 
behaved in a paltry spirit.” So Lyell and Hooker 
took the matter in hand, and communicated to the 
Linnean Society, accompanied by an explanatory 
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statement, the two independent papers, setting forth, 
as they say, “ the results of the investigations of the 
indefatigable naturalists, Mr. Charles Darwin and Mr. 
Alfred Wallace.” Such loyalty and regard to eacli 
other as Darwin and Wallace showed then and ever 
after form a delightful feature in the history of this 
great discovery. A wonderful thing is that Hooker, 
afterwards Sir Joseph Hooker, the greatest botanist of 
the past century, the constant friend and comrade of 
Darwin, was still alive, and that Alfred Russel Wallace, 
too, was still with us, and present when the Linnean 
Society celebrated the fiftieth anniversary of the 
meeting held in 1858. 

The views of Darwin and Wallace have now become 
the established doctrine of science. They have led to 
the universal recognition of ” the origin of species by 
descent with modification.” 1 hat is a statement, in 
other words, to the effect that all the various kinds of 
living things have been gradually produced by natural 
birth from predecessors which differ from them only 
slightly in the later stages of time, but become simpler 
and less like their descendants as we go further back, 
until we reach the simplest living things. It has led 
to the conviction that there has been no exceptional 
or “ miraculous ” suspension of the order of Nature in 
this process, but that all has come about in due and 
regular course, in virtue of the properties of natural 
things, which we know as the laws of physics and 
chemistry. Most important and dominating of all 
these results is the inevitable one that man himself 
has come from animal ancestors, in the same way, and 
—this is the greatest and most far-reaching conclusion 
of all—that he is still subject to those natural pro¬ 
cesses of change and development by which he has 
reached his present phase; that he must completely 
understand them and control them (so far as such control 
is possible) in order to maintain a healthy, happy, and 
improving race of men. The earth and all that lives 
on it is, as Lord Bacon phrased it three hundred years 
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ago—the Kingdom of Man. Man has but to use his 
intelligence in order to take control of it. The know¬ 
ledge of his own relation to it, and of the ways in which 
the human race is affected for good and for ill, through 
the operation of the selfsame processes which affect 
the breeding, the improvement, the health, the 
disease, the destruction, and the perfecting of other 
living things, has once and for all been placed within 
man’s reach by the discoveries of Darwin and Wallace. 

Before Darwin—that is, before ist July, 1858—the 
origin of the different species of animals and plants 
was called by great thinkers like Sir John Herschel, the 
astronomer, “ the mystery of mysteries.” The word 
“ species ” was defined by a great naturalist in the 
days before Darwin as “ an animal or plant which in 
a state of nature is distinguished by certain peculiari¬ 
ties of form, size, colour, or other circumstance from 
any other animal or plant, and propagates after its 
kind individuals perfectly resembling the parent, its 
peculiarities being therefore permanent.” This defi¬ 
nition may be illustrated by two common English 
birds—the rook and the crow. They differ from each 
other in slight peculiarities of form, structure, and 
habits, and moreover, rooks always produce rooks, 
and crows always produce crows, and they do not 
interbreed. Therefore it was held that all the rooks 
in the world had descended from a single pair of rooks, 
and all the crows in like manner from a single pair of 
crows, while it was considered impossible that crows 
could have descended from rooks, or rooks from crows. 
The “ origin ” of the first pair of each kind was a 
mystery, and by many persons was held to have been 
due to a miraculous and sudden act of " creation.” 
But besides our crow and rook, there are about thirty 
other birds in various parts of the world so much like 
our crow and rook that they are commonly called 
crows, and are all regarded as “ species ” of the genus 
crow (or Corvus). It was held before Darwin that all 
the individuals of each of these ” species ” were de- 
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scended from an ancestral pair of crows of that species. 
There would have been thirty different original kinds, 
the “ origin ” of which was unknown, and by naturalists 
was regarded as a mystery. Now, on the contrary, it 
is held that all the thirty* living species are descended 
from one, not from thirty, ancestral species, and have 
been gradually modified to their present character in 
different parts of the world; and, further, that this 
ancestral species was itself derived by slow process of 
change and natural birth from preceding crow-like 
birds no longer existing. 

As Mr. Alfred Russel Wallace has said in his delight¬ 
ful book, Darwinism —where he gives all the credit and 
glory to his great fellow-worker : “ Darwin wrote for 
a generation which had not accepted evolution—a 
generation which poured contempt on those who up¬ 
held the derivation of species from species by any 
natural law of descent. He did his work so well that 
‘ descent with modification ’ is now universally 
accepted as the order of nature in the organic world, 
and the rising generation of naturalists can hardly 
realise the novelty of this idea, or that their fathers 
considered it a scientific heresy to be condemned rather 
than seriously discussed.” 

For those who are not naturalists or men of science 
it is an object-lesson of the highest importance, that 
the speculations and observations which have led to 
the general acceptance of a new view as to the origin 
of the species of birds, butterflies, and flowers—in 
itself apparently a matter of no consequence to human 
life and progress—should have led to a new epoch in 
philosophy and in the higher state-craft; in fact, to 
the establishment of the scientific knowledge of life 
a ? A he , one sure guide and determining factor of 
civilisation. How to breed a healthy, capable race of 
men, how to preserve such a race, how to educate and 
to train it, so that its best qualities of mind and body 
may be brought to activity and perfection—this is 
what Danvinism can teach us, and will teach us when 



30 


DARWIN'S THEORY 

the great subjects of inheritance and of variation are 
more fully investigated, and when the human mind 
has been as carefully examined and its laws as well 
ascertained, as are those of the human body. For 
two thousand years the learned men of Europe debated 
as to whether this or that place was the site of ancient 
Troy. Schliemann went and found Troy. That was 
the most tremendous triumph of the scientific method 
over mere talk and pretended historical learning which 
has ever been seen since human record has existed. It 
is enough to inspire hope and belief in experiment 
even in the breast of a Member of Parliament or of a 
Minister of the Crown. 



CHAPTER IV 

POISONS AND STINGS OF PLANTS AND ANIMALS 

Among plants are many which produce special 
chemical substances which are more or less poisonous, 
and yet often of the greatest value to man when used 
in appropriate doses. Plants are laboratories which 
build up in a thousand varieties wonderful chemical 
bodies, some crystalline, some oils, some volatile 
(perfumes), some brilliantly coloured (dyes), some 
pungent, some antiseptic, some of the greatest value 
as food, and some even digestive, similar to those 
formed in the stomach of an animal. 

The chemist, every year is learning how to produce 
in his laboratories, from coal and wood refuse, many 
of these bodies, so as to become to an ever-increasing 
extent independent of the somewhat capricious and 
costly services of the chemists supplied by nature— 
the plants. 

Whilst man has learnt to avoid swallowing poisonous 
plants, although occasionally blundering over pretty¬ 
looking berries and deceptive mushrooms, he has had 
little to fear in that way from animals. To a small 
degree this is due to the fact that only parts of animals 
are eaten by man, and those very generally are cooked 
before being eaten, the heating often sufficing to 
destroy substances present in flesh, fish, and fowl 
which would be poisonous if taken raw. But, as a 
matter of fact, animals do not generally protect them¬ 
selves from being eaten, as plants largely do, by 
developing nasty or poisonous substances in their flesh, 
though some do. They fight rather by claws, teeth, 
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and poison glands therewith connected, or else escape 
by extra quick locomotion, a method not possible to 
plants. Many insects (butterflies, beetles, and bugs), 
however, produce nasty aromatic substances which 
cause animals like birds and lizards to reject them 
as food. The toad and the salamander both produce 
a very deadly poison in their damp, soft skins, which 
causes any animal to drop them from its mouth, and 
to regret “ bitterly ” the attempt to swallow them. 
The frog has no such poison in its skin, but can jump 
out of harm’s way. The strong yellow and black 
marking of the European salamander is what is called 
a “ warning ” coloration, just as is the yellow and 
black outfit of the poisonous wasp. Animals learn to 
leave the yellow and black livery untouched, and the 
creatures so marked escape the injury which would be 
caused them by tentative bites. 

There is a curious variation as to susceptibility on 
the part of man to poison in the flesh of fishes and 
shell-fishes when taken by him as food. The word 
" idiosyncrasy " is applied to such individual suscepti¬ 
bility, and is, of course, applicable to the susceptibility 
shown by some persons to the poison of the American 
poisonrvine and of others to acute inflammation from 
the dust of hayfields. Some persons cannot eat 
lobster, crab, oysters, or mussels without being 
poisoned in a varying degree by certain substances 
present in those “ shell-fish ” even when cooked. 
Often a “rash’’ is caused on the skin, and colic. 
Others, again, cannot eat any fish of any kind without 
being poisoned in a similar way, or possibly are only 
liable to be poisoned by grey mullet or by mackerel. 
The most curious cases of this individual variability 
are found in the rash and fever caused by the vegetable 
drug quinine in rare instances, and the violent excite¬ 
ment produced in some persons by the usually ^°P?£ ltlc 
laudanum. Such cases show us what a small ditter- 
ence separates an agreeable flavour or a valuable 
medicine from a rank poison, and how readily the 
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chemical susceptibility of a complex organism like 
man may vary between toleration and deathly 
response, without any concomitant indication of such 
difference being apparent (in our present state ot 
knowledge) in two individuals, to one of whom that 
is poison which to the other is meat. They also 
furnish a parallel to that marvellous conversion oi 
“ toxin ” into " anti-toxin,” in consequence of which 
the blood of an animal injected with small, increasing 
doses of deadly snake poison or diphtheria poison 
becomes an antidote to the same poison taken into the 

blood of an unprepared animal. 

There is, over and above these special cases of fish 
foods which are tolerated by some and are poison to 
others, a whole series of fishes which cannot be eaten 
by any one without serious poisoning being the 
result, even when the fish are carefully cooked. 
Happily, these fishes are rarely, if ever, caught on our 
own coasts. They produce, when even small bits are 
eaten, violent irritation of the intestine, and death, 
the symptoms resembling in many respects those of 
cholera. The curious bright-coloured, beaked fish of 
tropical seas and coral reefs, with two or four large 
front teeth and spherical spine-covered bodies, and 
the trigger fish of the same regions, are the chief of 
these poisonous fish. But there is a true anchovy on 
the coast of Japan, and a small herring in the West 
Indies, and a goby on the Indian coast (Pondicherry), 
all of which are deadly poison even when cooked; 
and there are many others. So one has to be careful 
about fish-eating in the remoter parts of the world. 
The poisons of these fish seem to resemble chemically 
the poisons produced by certain putrefactive microbes. 

Every one knows that although it is unpleasant to 
be pricked by the little spines on the leaf of a thistle, 
it is not the same unpleasantness as being " stung ” 
by a nettle. There is no poison in the thistle. The 
hairs which beset the leaves of the common nettle are 
firm, but brittle and hollow; they break off in the 
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skin, and a poison exudes from their interior. Under 
the microscope—and it is quite easy to examine it 
with a high power—the hollow nettle hair is seen to 
be partly occupied by living protoplasm—a trans¬ 
parent, viscid substance which shows an active 
streaming movement, and has embedded in it a dense 
kernel or nucleus (Fig. 4). It is, in fact, a living 
“ cell,” or life unit. The space in the cell not occupied 
by protoplasm is filled with clear liquid, which con¬ 
tains the poison. This has been examined chemically, 
and is found to contain formic acid—the same irritat¬ 
ing acid which is secreted by ants when they sting, 
whence its name. But later observations show that 
the juice of the nettle hair contains also a special 
poison in minute quantities, an albuminous substance 
which resembles that contained in the poison-sacs at 
the base of the teeth of snakes. 

In tropical regions there are nettles far more power¬ 
ful than that of our own country. The one called 
Urtica slimulans, which is found in Java, and that 
called Laporlea crenulata, found in Hindostan, when 
bruised emit an effluvium which poisonously affects 
the eyes and mouth, and if handled produce con¬ 
vulsions and serious swelling and pain in the arms, 
which may last for three or four weeks, and in some 
cases cause death. They are not unknown in the 
hot-houses of our botanical gardens, and young 
gardeners are sometimes badly stung by them. There 
are other plants provided with poisonous stinging 
hairs besides the true nettles or Urticacece, though they 
are not numerous. The American plants called Loasa 
sting badly, so do some of the Spurges [Euphorbiacece ), 
and some Hydrophyllea. 

With regard to a poisonous action at a distance 
being possibly exerted by plants, we must not over¬ 
look the effect of some perfumes discharged into the 
air by flowers. Primarily such perfumes appear to 
serve the flowers by attracting to them special insects, 
by whose movements and search for honey in the 
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flowers the pollen of one is conveyed to another and 
fertilisation effected. Human beings are sometimes 
injuriously affected by the heavy perfume given out 
by lilies and other flowers, headache and even fainting 
being the result. No instance is known of serious 
injury or death resulting in the regions where they 
grow from the overpowering perfume of such flowers. 

When we take a survey of the “ stings and poison- 
fangs and spurs of animals, we find a much greater 
abundance and variety of these weapons than in 
plants. They serve animals not only as a means of 
defence, but very often for the purpose of attacking 
and paralysing their prey. We have to distinguish 
broadly between (a) gut-poisons and ( b ) wound- 
poisons. The slimy surface of the skin and the juices 
of animals are often poisonous if introduced into 
wounds, but harmless if swallowed, though in the toad 
and salamander the skin contains a poison which acts 
on the mouth and stomach. Thus the blood of the 
eel is poisonous to higher animals if injected beneath 
the skin, though not poisonous when swallowed. 
Pasteur found that the saliva of a healthy human 
baby a few weeks old produced convulsions when in¬ 
jected beneath the skin of a rabbit. The fluid of the 
mouth in fishes {Murana), in some lizards {Hcloderma), 
and some warm-blooded quadrupeds, like the skunk, is 
often poisonous, and is introduced into the wound 
inflicted by a bite. The elaboration of a sac of the 
mouth-surface secreting a special quantity of poison 
to be injected by the aid of a grooved tooth, such as 
we find in poisonous snakes, is only a mechanical 
improvement of this more general condition. The 
same general poisonous quality is found in the slime 
of the skins of fishes which have spines by means of 
which poisonous wounds are inflicted (sting-rays). 
And here, too, an elaboration is effected in some 
fishes in which a sac is provided for the accumulation 
of the poison, and a specially grooved spine, to convey 
the poison into the wound inflicted by it. A common 
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fish on our coasts, the weever, is provided with 
grooved, stinging spines, but no special poison-sac. 
Some of the poison-carrying spines support the front 
portion of the dorsal fin, which is of a deep black 
colour, a striking instance of the warning coloration 
which poisonous animals often possess. 

The poison introduced into wounds by the spines 
or fangs of animals is essentially similar to that of 
nettle hairs; it has the effect of paralysing and of 
producing convulsions. It is a remarkable fact that 
formic acid often in insects accompanies the paralysing 
poison—as it does in the nettle—and produces intense 
pain and irritation, which the more dangerous nerve- 
poison does not. Immunity to a given wound-poison 
may be produced by the injection of doses of it, at 
first excessively minute, but gradually increased in 
quantity. A remedial “ anti-toxin " is thus prepared 
from the blood of immunised animals, which is used 
as a cure or as a protection by injecting it into other 
animals exposed to bites or wounds conveying the 
particular poison by the use of which the anti-toxin 
was produced. Bee-keepers who have often been 
stung become in many cases immune, and do not 
suffer from bee-sting. Men who pursue a business as 
viper-catchers, are said to become immune to viper’s 
poison, in the same way snakes and scorpions are but 
little, if at all, affected by their own poison when it is 
injected into them. This appears to be due to the 
fact that the poison-producing animal is always absorb¬ 
ing into its blood very minute doses of the poison 
which it has elaborated and stored up in its poison-sac 
connected with the poison-gland. This small quantity 
of poison continually absorbed is continually converted 
into an anti-toxin—just as happens when a horse 
is treated with doses of snake-poison to prepare the 
remedial anti-toxin for use in cases of snake-bite, or 
with diphtheria-poison in order to prepare the 
diphtheria anti-toxin now so largely used. The anti¬ 
toxin is a substance very closely similar in chemical 
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constitution to the toxin by the conversion of which it 
is formed in the blood. Its action on the toxin (or 
essential poisonous substance) appears f< be a very 
delicate and slight chemical disturbance of the 
constitution of that chemical body. Yet it is enough 
to cause the injurious quality of the toxin to be 
suddenly and completelv abrogated, although from the 



Fig. 3.—Drawing from life of the desert scorpion (Buthus 
australis, Lin.), from Biskra, N. Africa, of the natural 
size. (From Lankester, Jour)}. Linn. Soc. Zoo!., vol. 
xvi., 1881.) 

point of view of chemical composition it is only, as it 
were, shaken or given a twist! 

I made some experiments a few years ago on the 
poison of scorpions. I obtained live scorpions—a 
citron-coloured kind, of large size—from Algeria 
(Fig. 3). The poison-gland and sac are double, and 
contained in the last joint of the tail, which is swollen, 
and ends in a splendid curved spine or sting. The 
scorpion carries its tail raised in a graceful curve over 
its back, and strikes with the sting by a powerful for¬ 
ward stroke. One can seize the tail by the last joint 
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but one, and thus safely hold the animal, and see the 
poison exude in drops from the sting. I found that 
if I pressed the sting into the scorpion’s own body, or 
into that of another scorpion, no harm resulted to the 
wounded animal, although plenty of the poison 
entered the little wound made by the sting. A large 
cockroach or a mouse similarly wounded by the sting 
was paralysed, and died in a few minutes. My 
experiments showed that the scorpion could not kill 
itself, as its poison does not act on itself. Moreover, 
it has been shown by Professor Bourne, that although 
scorpions constantly fight with one another, they 
never attempt to use their stings in these battles, but 
only their powerful, lobster-like claws. The stings 
would be useless, and are reserved for their attacks on 
animals susceptible to the poison. 

Jelly-fishes are often called “ sea-nettles,” because 
of the microscopic poison-bearing threads which they 
discharge from their skin. These are used to paralyse 
their prey, and, in a few kinds only, are sufficiently 
powerful to cause a " stinging ” effect when they come 
into contact with a bather's skin. Sea-anemones are 
also armed with these minute threads, and their poison 
has been extracted and studied. The spines of star¬ 
fishes and sea-urchins have a very deadly poison 
associated with them, which has recently been 
examined. Among insects we have the bees, wasps, 
and ants, with their terminal stings; caterpillars, 
with poisonous hairs; gnats, with poisonous mouth 
glands. Residents in mosquito-infested countries 
become " immune ” to the poison of gnat-bite, but 
not to the deadly germs of malaria and yellow fever 
carried by the gnats. The centipedes have powerful 
jaws, provided with poison-sacs; the spiders have 
stabbing claws, fitted with poison-glands. Some of 
the whelk-like sea-snails have poison-glands, which 
secrete a fluid deadly to other shell-fish. We have 
already spoken of the poison-spines of fishes; among 
reptiles it is only some of the snakes which are 
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poisonous, and are known to have poison-glands con¬ 
nected with grooved fangs. Only one kind of lizard 
—the Heloderm of North America—has poison-glands 
in its mouth, but it has no special poison-fangs, only 
small teeth. There is a most persistent and curious 
popular error to the effect that the rapidly moving 
bifid tongue of snakes and lizards is a “ sting.” It is 
really quite innocuous. No sting is known among 
birds, although some have fighting " spurs ” on the 
leg, and ” claws ” on the wing. 

Only the lowest of the mammals or warm-blooded 
hairy quadrupeds—namely, the Australian duck-mole 
(Ornitiiorhynchus) and the spiny ant-eater [Echidna )— 
have poison-glands and related “ spurs,” or stings. 
They have on the hind-leg a " spur ” of great size and 
strength, which is perforated and connected with a 
gland which produces a poisonous milky fluid. Many 
mammals have large sac-like glands, which open by 
definite apertures, in some cases between the toes, 
in others upon the legs, at the side or back of the 
head (the elephant), in the middle of the back or about 
the tail. The fluid secreted by these glands is not 
poisonous nor acrid, but odoriferous, and seems to 
serve to attract the individuals of a species to one 
another. They resemble in structure and often in 
position the poison-glands of the spurs of the duck- 
mole and spiny ant-eater. 

Many insects produce a good deal of irritation, and 
even dangerous sores, by biting and burrowing in the 
human skin, without secreting any active poison. 
Often they introduce microscopic germs of disease in 
this way from one animal to another, as, for instance, 
do gnats, tsetse-flies, and horse-flies, and as do some 
small kinds of tics. The bites of the flea, of midges, 
gnats, and bugs are comparatively harmless unless 
disease are introduced by them, an occurrence 
which, though exceptional, is yet a great and terrible 
danger. We now know that it is in this way, and this 
way only, that malaria or ague, yellow fever, plague. 
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sleeping-sickness, and some other diseases are carried 
from infected to healthy men. Various diseases of 
horses and cattle are propagated in the same way. 



Fig. 4.—A. Highly magnified 
drawing of a stinging hair of 
the common nettle. The hair 
is seen to be a single cell or 
capsule of large size, tapering 
to its extremity, but ending in 
a little knob. The hard case 
e is filled with liquid a , and 
is lined with slimy granular 
41 protoplasm " 6, which ex¬ 
tends in threads across the 
cavity to the “ nucleus " c . 
The ordinary small cells of the 
nettle leaf are marked d. 
B shows the knobbed end of 
the stinging hair, and the way 
in which, owing to the thin¬ 
ness of its walls, it breaks 
off along the line xy when 
pressed, leaving a sharp pro¬ 
jecting edge, which penetrates 
the skin of an animal, whilst 
the protoplasm />, distended 
with poisonous liquid, is 
shown in C, issuing from the 
broken end. It would escape 
in this way when the sharp, 
freshly broken end had pene¬ 
trated some animal's skin. 


The mere bites of insects may be treated with an 
application of carbolic acid dissolved in camphor. 
The pain caused by the acid stings of bees, wasps, ants, 
and nettles can be alleviated by dabbing the wound 
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with weak ammonia (hartshorn). Insects which bury 
themselves in the skin, such as the jigger-flea of the 
West Indies and tropical Africa, should be dug out 
with a needle or fine blade. The minute creature, like 
a cheese-mite, which burrows and breeds in the skin 
of man and causes the affliction known as the itch 
must be poisoned by sulphurous acid—a result 
achieved by rubbing the skin freely with sulphur 
ointment on two or three successive days. A serious 
pest in the summer in many parts of England is a 
little animal known as the harvest-man. These are 
the young of a small red spider-like creature, called 
Trombidium. They get on to the feet of persons 
walking in the grass, and crawl up the legs and burrow 
into the tender skin. Benzine will keep them away 
if applied to the ankles or stockings when they are 
about, and will also destroy them once they have 
effected a lodgment. 



CHAPTER V 


SMELLS AND PERFUMES 

The old saying, “ De gusiibus non dispulandum,” is 
based upon the fact that both liking and the repulsion 
evinced by human beings for different odours (includ¬ 
ing those odours which we call flavours) are not 
matters of general agreement. Thus the smells of 
garlic and of onions, and even of assafcetida, are to 
many men among the most attractive and appetising 
in existence—to very many they are, on the other 
hand, repulsive. High game, putrid fish (“ Bombay 
duck ”), and rotten cheese are attractive to many men 
and offensive to as many more. Many animals revel 
in the smell and flavour of carrion, and manure, which 
they devour. There are well-known flowers which 
attract insects, not by the possession of the sweet 
perfumes appreciated by mankind, but by a smell 
like that of putrid meat, which so far misleads flies as 
to cause them to lay their eggs on the blossom. So 
diverse are the tastes of men and animals in these 
matters that it is remarkable when we find agreement 
among them, as, for instance, in the attraction for 
butterflies of those delicate scents which also are 
agreeable to ourselves in such flowers as the rose, 
jasmine, heliotrope, and honeysuckle. 

There seems to be no principle at work by which 
smells can be definitely classed as either pleasant or 
unpleasant. Even perfumes carried by some of the 
inhabitants of Western Europe with the intention of 
making themselves attractive to their fellow-citizens 
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are often repulsive to a certain proportion of those 
who come near them, as, for instance, is the case with 
the extract of the East Indian herb " patchouli.” In 
regard to our other senses there is a general agreement 
amongst mankind, which extends also to all animals, 
as to what is agreeable and what is disagreeable. 
There are definite mathematical laws as to harmony 
and melody in sound and colour which affect animals 
and ourselves to a large extent similarly. Sweets are 
agreeable and bitters are disagreeable, though it is the 
fact that the snail, which loves sugar, recoils from 
saccharine, and there are “ mites ” [Acari) which feed 
with avidity on bitter strychnine ! Excess of heat 
and of cold is disliked by all animals and men, whilst 
the sense of touch is pleasurably or painfully affected 
in much the same way in most men and animals, 
more than is the case with regard to any other of the 
senses. The sense of smell depends upon immediate 
and personal experience of " association ” for the 
determination of pleasure or pain, attraction or 
rep sion, as the result of its being called into opera- 
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m arousmg memory than are mere 
acutplv ? 0r j S0 V?^ S- Not only in animals with 
an odmir_I e °^ ed ° factor y powers, but also in man, 
chain P^ cubar P er ^ um e—will start a whole 

failed to ,^ misc e nc _ e when sight and sound have 

with memorv°f ** due to tb * s c ^ ose association 

odour is affr^Ki C ° nSC 5^ US ° r unc °nscious) that an 
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attractive or its repulsive quality only as the result 
of mental association with what is beneficial (suitable 
food, mates, friends, safety, home, the nest), or with 
what is injurious (unsuitable food, poison, enemies, 
danger, strange surroundings, solitude). Hence it is 
intelligible that the man accustomed to garlic or 
onions in his food is strongly attracted by their smell. 
So too the man whose tribe or companions have learnt 
by necessity to eat slightly putrid meat, fish, and 
cheese is attracted by their odour, though for others 
these odours are associated rather with what is 
poisonous and injurious. The dislike of the smell of 
sewer-gas and foul accumulations of refuse was not 
known to former generations of men (even in European 
cities a couple of hundred years ago) any more than 
it is to-day to the more unfortunate poorer classes, 
to many modern savages, to hyenas, and several other 
animals and birds which inhabit lairs and caves which 
they make foul. The odour of putrescence has become 
actually painful and almost intolerable to the more 
cleanly classes of mankind, owing to the association 
with it, as the result of education, of fear of disease 
and poisoning. Either conscious or unconscious 
association of an odour with what is held, either as 
the result of tradition or through personal experience, 
to be beneficial and of pleasant memory, or, on the 
contrary, injurious and of painful connection, deter¬ 
mines man’s liking for and choice or rejection of, odours 
and flavours. 

Some organisms produce as a result of their chemical 
life material which oxidises and gives out light, and so 
these organisms are “ phosphorescent ” without any 
consequence, good or bad, to themselves. Others (as, 
for instance, the glow-worms and fire-flies) have made 
use of this “ accidental ” quality, and produce 
phosphorescent light in special organs so as to attract 
the opposite sex. Again, the red-coloured oxygen¬ 
seizing substance hemoglobin exists in the blood of a 
vast number of animals, and might as well be green or 
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colourless for all the good its colour does them. Yet 
here and there the splendid red colour which this 
chemical gives to the blood becomes of great im¬ 
portance as a "decoration,” or "sex-ornament.” 
The comb of the domestic fowl, the wattles of the 
turkey, but above all the supreme beauty of the 
human race—the cherry-red lips and the crimson- 
blushing cheek of healthy youth—owe their wonderful 
colour to the red blood which flows through them. 
So at last the redness of the oxygen-carrier is turned 
to account. So it must be also with odorous sub¬ 
stances. Many have been called into existence, but 
few have been chosen in the long course of animal 
evolution and selected as the important means of 
repulsion or attraction. 

There are odorous substances attached to many of 
the lower animals which seem to have no significance, 
but just happen to be the result of necessary chemical 
changes, not aimed (so to speak) at their production. 
For instance, nearly all the sponges when fresh and 
filled with living protoplasm have a curious smell 
which reminds one of that given off by a stick of 
phosphorus. A rather uncommon marine worm, 


called Balanoglossus, has a very strong and unpleasant 
smell like that of iodoform. In neither case is the 
nature of the odorous body knowm, nor its use to 
the animal suggested. Smelts smell like cucumbers : 
the green-bone fish and the mackerel smell alike. 
One of the common earth-worms has a strong aromatic 
smell, and the common snail, as well as the sea-hare 
and one of the cuttlefishes ( Eledone ), smells like musk. 
Musk itself is produced, as a scent attracting the 
opposite sex, by several animals—musk-deer, musk- 
sheep, musk-rats. Reptiles with their dry, oily skins 
give off various aromatic smells, none of which is 
valued by man. Toads have distinct odours, and one 
kind (Pelobales fuscus), common in Europe, is known 
locally as the garlic toad on account of its smell, 
there are amongst carnivorous mammals various 
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smells allied to that of civet which are not so agree¬ 
able to man as that substance; for instance, the odour 
of the fox and of the badger, and the terrible smell 
of the fluid emitted in self-defence by the skunk from 
a sac in the hinder part of the body. Horses, cows, 
goats, sheep, and the giraffe have their distinctive 
odours. Many of the herbivorous animals secrete 
a colourless fluid from large glands opening on 
or near the feet, and also from a gland in front 
of the eye which has not a smell familiar to man, yet 
seems to be readily “ smelt " by the animals of its 
own kind. The bats have a very unpleasant, frowsy 
smell. 

It is often difficult to decide how far a peculiar 
animal odour is due directly to a substance secreted 
by the animal, and how far the odour of that substance 
is modified or even entirely produced by the chemical 
changes set up in secretions of the body-surface by 
bacteria. Several distinct repulsive smells liable to 
occur on the human body are due to want of cleanli¬ 
ness. The fatty secretions of the skin are often 
decomposed by bacteria, even before complete 
extrusion from the glands in which they are formed, 
whilst the decomposition of food in the mouth and 
intestines by bacteria alters materially both the 
natural odour of the animal’s breath and the smell 
of the intestinal contents. In young and healthy 
animals in natural conditions there is some check 
upon the putrefactive activities of the omnipresent 
bacteria. The skin of a healthy young animal has 
a pleasant odour, and its breath is naturally sweet¬ 
smelling. 

There is one important cause of animal odours and 
flavours upon which I have not hitherto touched. 
Many animals acquire an odour or flavour directly 
from the food upon which they feed. Certain odorous 
bodies are in the food and are taken up into the blood 
of the consuming animal unchanged, and are then 
thrown out by secreting glands of the skin. This 
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is the case with the odorous substance of onions. 
People do not smell of onions after they have eaten 
them in consequence of particles of onion remaining 
in the mouth. The volatile odoriferous matter of the 
onion is absorbed into the blood. It passes out first 
through the lungs and later through the small fat¬ 
forming glands in the skin. In plants the odorous 
bodies are built up entirely by the chemical action of 
the plant itself upon simple salts of carbonic acid, 
ammonia and nitrates. Animals can certainly take 
highly elaborated chemical bodies into their digestive 
organs without destroying them and absorb them 
unchanged into the blood and deposit them in the 
tissues. Thus the canary is made to take up the red 
colour of cayenne pepper and deposit it in the feathers. 
The green oysters of Marennes acquire their colour 
from minute blue plants (diatoms) on which they feed. 
The canvas-backed ducks take into their tissues the 
odorous matter of celery, and grouse the flavour of 
heather, whilst fish-eating birds and whales in this 
way acquire a fishy taste. It is probable that many 
of the odours of animals are thus derived directly from 
their food, or are produced by very slight changes of 
the odorous bodies absorbed in food. Mutton and 
beef owe their savour in some degree to the 
scents of the grasses on which sheep and oxen feed. 
And it is not improbable that the sheep-like smell 
which the Chinese detect in the European, comes to 

the latter direct from his general use of the sheep as 
food. 

A curious case of a substance valued as perfume by 
civilised man, and yet coming from a source whence 
sweet odours would hardly be expected, is that which 
is known as “ ambergris.” It is used in the manu¬ 
facture of perfumes, and is sold at five guineas the , 
ounce. It is found floating on the surface of the 
ocean, and is a concretion of imperfectly digested 
niatter from the intestine of the sperm-whale. It 
is a grey, powdery substance, and in it are embedded 
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innumerable fragments of the homy beaks and sucker- 
rings of cuttle-fishes—creatures which form the chief 
food of the sperm-whale. It is possible that ambergris 
owes its perfume to the musk-like scent of the cuttle¬ 
fish eaten by the whale. 



CHAPTER VI 


GOSSAMER 

Fine as gossamer ! Town-bred folks never see it, 
and do not believe in its existence; they think it is 
a poetical figment, like " honey-dew.” That, too, 
is rtevertheless a real thing—a honey-like juice poured 
out by the little plant-lice or aphides. Gossamer is a 
very real and a most beautiful thing. You may see 
it on the hill-sides in fine October weather, when the 
sun is bright but low enough to illuminate the deli¬ 
cate threads and reveal the “ veil of silk and silver 
thin” spread over Nature's loveliness. The in¬ 
numerable threads glisten, and are so fine that they 
shine with iridescent colours, as do the equally 
delicate soap-bubbles and from the same cause. 
When the eye gets accustomed to them and traces 
them—rippling and glimmering over acres and acres 
of grassland—one feels disconcerted, almost awe¬ 
struck, by the revelation of this vast network of 
threads. Sometimes the gentle currents of air break 
them loose from the herbage, and they float at a 
higher level and envelop the puzzled intruder in an 
almost invisible entanglement of fairy lines. Some¬ 
times they become felted together in flakes and float 
or rest as incredibly delicate tissue, woven by unseen 
mysterious agency. 

When the slopes of the golf course at Wimbledon 
were covered with gossamer, my friends were asking 
what was its origin, some boldly asserting that it was 
impossible that such a vast acreage of threads could 
be produced by tiny unseen spiders ! Yet that is the 
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Fig. 5.—A young spider (fgur 
times the natural length) 
raising its body upwards, 
whilst the four silk threads 
(gossamer) spun by it float 
in the air, and so draw out 
further liquid silk from the 
spider. They increase in 
length to three or four yards, 
when they float upwards, 
carrying the spider with 
them. (After McCook.) 


GOSSAMER 


5* 


true history of gossamer. Hundreds of thousands of 
minute spiders, young, and of a small kind, are 
present in grass fields in autumn, and throw out these 
marvellously fine threads from their little bodies 


(Fig. 5). 

There are 500 different kinds of spider carefully 



Fig. 6 . —View of the lower surface of the head and body of a 
large Burmese spider, known as Liphistius, to show the 
spinnerets (3 and 4), which are really reduced or rudi¬ 
mentary legs, and are in this spider retained in their 
original position, instead of being pushed down to the end 
of the body, as they are in all other spiders (see Fig. 7, 
spn.). I. to VI., the basal joints of the legs and palps of 
the head-region; 1, the first abdominal segment; 2, the 
second; 3 and 4, the legs of the third and fourth abdominal 
segments, which are the spinnerets; 11, the eleventh 
abdominal segment—in front of it rudiments of the 
segments 5 to 10 are seen; an, anus; a, b, inner and 
outer lobes of the first pair of spinnerets. 

described as occurring in the British Islands, and 
about 2000 others from remoter regions. Precisely 
which of them forms the “ gossamer ” of our meadows 
it is difficult to say, as all have the habit of secreting 
a viscid fluid from one or two pairs of projecting 
spinning knobs or stalks, which are seen at the 
hinder end of the body (Figs. 6, 7, and 8). The viscid 
fluid is poured out by a great number of minute 
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tubes, and hardens at once into a thread, which is 
wonderfully fine, yet strong. Different kinds of 
spiders make use of these threads for different pur¬ 
poses, hence their name “ spinners." Some make 
burrows in the ground and line them with a felt of 
these threads, others enclose their eggs in a case 
formed by winding them round the eggs, others form 



Fig. 7. —Section through the body of a spider to show the 
spinning organs. //, heart connected by four big veins 
with b, the lung-books or air-gills; /, genital lid; ov, 
ovary; a, the anus; spn, the three pairs of spinnerets or 
spinning warts; c, e, and d, the three kinds of glands 
producing liquid silk, namely, cylindrical, tree-form, and 
pyriform. These are one thousand in number in the 
common garden spider, and each has its separate spout or 
spigot standing up on one of the spinnerets (see next 
figure). 

“ snares" of the most marvellous mechanical in¬ 
genuity with them, by which insects are entangled 
and are then paralysed by the poisonous stab of the 
spider’s claws, and have their juices sucked out of 
them at the spider’s leisure. The snares of spiders 
are in some species merely irregular webs fastened 
and suspended by threads*, in other cases they are 
gracefully-modelled funnels or cups, whilst a third 
kind, the disc-like webs made up of radiating and 
circularly-disposed threads fixed in a geometrical 
pattern, excel—in the mechanical precision of their 
workmanship and the masterly treatment of engineer¬ 
ing difficulties—the constructions of any other kind 
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of animal. It is amongst this kind of spiders that 
the formation by the spinning knobs of threads or 
lines and their use in various ways is most general 
and frequent. The smaller spiders expel the viscid 
thread, drawing it out from their bodies by their own 



Fie;. 8.-—One of the two middle spinnerets of the common 
garden spider (Epeira diadetna), to show the three kinds of 

fP° U i S or s P‘S°t s (one thousand in all) corresponding to 
the three kinds of silk-glands. Each kind of “ spigot " 
poun> out a different kind and size of thread, sp.c, one of 
the big spigots of the cylindrical glands; sp.t, middle- 
sued spigots belonging to the tree-form glands; ss and 

s-ss, the small-sized spigots of the very numerous 
pyriform glands. 

movement away from the object to which it at first 
adhered. When it breaks loose from that support it 
is earned upwards by air-currents and drawn out from 
the spinners body to many yards' length (Fig. 5). 
t then becomes a “ flying-line,” and the spider may 
sail a wa y on it or run up it and disappear. The 
celebrated story of the Indian juggler’s performance— 
traditional and even solemnly attested by witnesses 
but failing to pass the test of photography—must 
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have been suggested by this common, yet wonderful, 
proceeding of small spiders. A big spider—the well- 
grown female of the common garden spider, for 
instance, cannot do this—her thread is not strong 
enough, and her weight is too great. But the male 
of the same species, who is much smaller, fortunately 
for him, can safely run on a hanging line—and thus 
can rapidly escape from the side of his mistress, who, 
after receiving his caresses, has an unpleasant habit 
of seizing, killing, and sucking the blood of the 
adventurous male, should he linger longer in her 



Pig. 9.—The common garden spider, more correctly called the 
white-cross spider (Epeira diadetna) : a female drawn a 
little (one-fifth) larger than life. 

company, and fail in the agility and rapidity of his 
exit. 

The threads of the garden spider or white-cross 
spider (Fig. 9) are fixed by astronomers in their 
telescopes for the purpose of giving fine lines in the 
field of view, by which the relative positions of stars 
may be accurately measured. For a century astrono¬ 
mers desired to make use of such lines of the greatest 
possible fineness, and procured at first silver wire 
drawn out to the extreme limit of tenuity attainable 
with that metal. They also tried hairs (y^th of an 
inch thick) and threads of silkworm's cocoon, which 
are split into two component threads each only j^V^th 
of an inch thick. But in 1820 an English instrument 
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maker named Troughton introduced the spider’s line. 
This can be readily obtained one-third or one-fourth 
the breadth of the silk-worm’s thread, and has also 
advantages in its strength and freedom from twist. 
In order to obtain the thread, the spider is care¬ 
fully fixed on a miniature " rack,” and the thread, 
which at the moment of issue from the body is a 
viscid liquid, is made to adhere to a winder, by 
turning which the desired length of firm but elastic 
thread can be procured. It has been proposed to 
use spiders’ silk in manufactures as a substitute for 
silk-worms’ silk, and pioneers have woven gloves, 
stockings, and other articles from it. It appears that 
there are species of spider in other parts of the world 
whose thread is coarser and more suitable for this 
purpose than that of any of our British spiders. But 
it is estimated that the expense in feeding the spiders— 
which require insect food—would make the thread 
obtained from them far too costly to compete with 
silk-worm silk. 


As to the limits of the tenuity of the threads of 
gossamer there are no direct observations. Probably 
they are often as fine as the r^th or ^i^th of 
an inch in diameter. The condensation of a very 
minute quantity of moisture on gossamer threads and 
spiders webs no doubt helps to make them more 
readily visible to us in October weather than they are 
m full summer, when such moisture would not con- 
dense except in early morning or at sunset. Mr. 
G. V. Boys, F.R.S., has, by fusing rock-crystal by 
the oxy-hydrogen flame, and drawing it out produced 
threads of great strength and of extraordinary tenuity. 
1 he threads are prepared (for use in suspending 
swinging bars in delicate measurements of force) of 
a thickness of xrr.ffiroth of an inch. Some have been 
made so fine as to be not only invisible to the naked 
eye, but to be only vaguely indicated by the highest 
powers of the microscope. They are estimated to be 
only one-millionth of an inch in diameter. 



CHAPTER VII 


VEGETARIANS AND THEIR TEETH 

It is very generally asserted by those who advocate 
a purely vegetable diet that man’s teeth are of the 
shape and pattern which we find in fruit-eating or in 
root-eating animals allied to him. This is true. The 
warm-blooded hairy quadrupeds which suckle their 
young and are called “ mammals ” show in different 
groups and orders a great variety in their teeth. The 
birds of to-day have no teeth, the reptiles, amphibians, 
and fishes have usually simple conical or peg-like 
teeth, which are used simply for holding and tearing. 
In some cases the pointed pin-like teeth are broadened 
out so as to be button-like, and act as crushing organs 
for breaking up shell-fish. The mammals alone have 
a great variety and elaboration of the teeth. 

In shape and size, as well as in number, the teeth 
of mammals are very clearly related to the nature of 
their food in the first place, and secondly to their 
use as weapons of attack or of defence. When the 
surface of the cheek-teeth is broad, with low and 
numerous tubercles, the food of the animal is of a 
rather soft substance, which yields to a grinding 
action. Such substances are fruits, nuts, roots, or 
leaves, which are “ triturated ” and mixed with the 
saliva during the process of mastication. Where the 
vegetable food is coarse grass or tree twigs, requiring 
long and thorough grinding, transverse ridges of 
enamel are present on the cheek-teeth, as in elephants, 
cattle, deer, and rabbits (see Fig. 15). Truly carni¬ 
vorous animals, which eat the raw carcases of other 
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animals, have a different shape of teeth. Not only 
do they have large and dagger-like canines or “ dog¬ 
teeth ” as weapons of attack, but the cheek-teeth 
(very few in number) present a long, sharp-edged ridge 
running parallel to the length of the jaw, the edges of 
which in corresponding upper and lower teeth fit and 
work together like the blades of a pair of scissors. 



Fig. 10. — Side view of the skull of a tiger (Felis nebulosa) to 
show the teeth, inc. s. The three incisors, can. s. 
Upper canine, can. i. Lower canine, in. s. The four 
upper molars, m. i. The three lower molars. 

The cats (including the lions, tigers, and leopards) 
have this arrangement in perfection (see Figs. 10 and 
11). They cut the bones and muscles of their prey 
into great lumps with the scissor-like cheek-teeth, and 
swallow great pieces whole without mastication. 
Insect-eating mammals have cheek-teeth with three 
or four sharp-pointed tubercles standing up on the 
surface. They break the hard-shelled insects and 
swallow them rapidly. The fish-eating whales have 
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an immense number of peg-like pointed teeth only. 
These serve as do those of the seals—merely to catch 
and grip the fish, which are swallowed whole. 


me i me s 

3. 2 I I. 2. 5 



Fig. ii.—V iew in the horizontal plane of the teeth of the lower 
and upper jaw of the same tiger’s skull, inc. i. Lower 
incisors, inc.s. Upper incisors, can. i. andean, s. Lxiwer 
and upper canine, m. The cheek-teeth—three only in the 
lower jaw’, a minute fourth molar present in the upper. 

It is quite clear that man’s cheek-teeth do not 
enable him to cut lumps of meat and bone from raw 
carcases and swallow them whole, nor to grip live 
fish and swallow them straight off (Fig. 12). They 
are broad, square-surfaced teeth, with four or fewer 
low rounded tubercles fitted to crush soft food, as 
are'those of monkeys (Fig. 13). And there can be 
no doubt that man fed originally, like monkeys, on 
easily crushed fruits, nuts, and roots. 
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Fig. 12.— The series of teeth in the upper (i) and lower jaw (2) 
of a modem European. The teeth are placed closely with¬ 
out a gap—an arrangement which docs not occur in the 
apes nor in any other living mammal, although found in 
some extinct herbivores. The shape of the arch should 
be compared with that shown in the Gibbon (Fig. 13). 

In both upper and lower jaw we see the four incisors in the 
middle (Inc. 1, Inc. 2); on each side of them is the 
conical crown of a canine (C)—a tooth which is greatly 
enlarged in the ape (see Fig. 13). The two bicuspid 4 pre¬ 
molars ” (Bi) and the three molars (m.) follow these on 
each side in each jaw. The crown of the most anterior 
molar of the upper jaw has four tubercles on it. It is 
" quadri-tuberculate." The second and third molars of 
the upper jaw have three such prominent tubercles; they 
are trituberculate; the two liindermost molars of the 
lower jaw have four tubercles and are quadri-tuberculatc. 
The first molar (m.i.) of the lower jaw has in this specimen 
five tubercles. In 60 per cent, of European lower jaws 
this is the case. But in 40 per cent, this tooth is quadri- 
tuberculate. 

It is obvious that these big molar teeth, as well as the two 
smaller ones in front of them on each side of each jaw, 
are adapted for breaking up rather soft, pulpy food, and 
not for cutting lumps of bone or raw flesh, nor for rubbing 
grain, grass, or herbage to a paste. 


Fig. 13.—Drawings of (1) the upper and (2) the lower series 
of teeth of the Gibbon (Hylobates concolor), one of the most 
man-like apes. The “ arch ” or series of teeth is here 
elongated and squared, not rounded in front, whilst there 
is plenty of room in both jaws for the last or wisdom 
tooth, which is not the case in modern races of men. The 
four canine teeth are very large and tusklike, and must 
certainly be of value as weapons of attack—which man’s 
are not. The presence of a gap between the four incisors 
of the upper jaw and the canine allows the lower canine 
to fit in front of the upper canine when the jaw is closed. 

The tubercles on these molar teeth justify the conclusion 
that they are adapted in man and the gibbon to food 
of the same mechanical quality, and this undoubtedly 
is fruit and nuts. Nevertheless such a form of tooth is 
equally well adapted to cooked meat which has served 
many races of man for probably hundreds of thousands of 
years as food. 
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Man did not take to meat-eating until he had 
acquired the use of fire and had learnt to cook the 
meat before he ate it. He thus separated the bone 
and intractable sinew from the flesh, which he ren¬ 
dered friable and divisible by thorough grilling, roast¬ 
ing, or baking. To eat meat thus altered, both 
chemically and in texture, is a very different thing 
from eating the raw carcases of large animals. Man’s 
teeth are thoroughly fitted for the trituration of 
cooked meat, which is, indeed, as well suited to their 
mechanical action as are fruits, nuts, and roots. 

Yet, further, it is well to take notice of the fact that 
there are many vegetarian wild animals which do not 
hesitate to eat certain soft animals or animal products 
when they get the chance. Thus, both monkeys and 
primitive men will eat grubs and small soft animals, 
and also the eggs of birds. Whilst the cat tribe, in 
regard to the chemical action of their digestive juices, 
are so specialised for eating raw meat that it is prac¬ 
tically impossible for them to take vegetable matter 
as even a small portion of their diet, and whilst, on 
the other hand, the grass-eating cattle, sheep, goats, 
antelopes, deer, and giraffes are similarly disqualified 
from any form of meat-diet, most other land-mammals 
can be induced, without harm to themselves, to take 
a mixed diet, even in those cases where they do not 
naturally seek it. Pigs, on the one hand, and bears, 
on the other, tend naturally to a mixed diet. Many 
birds, under conditions adverse to the finding of their 
usual food, will change from vegetable to animal diet, 
or vice versa. Sea-gulls normally are fish-eaters, but 
some will eat biscuit and grain when fish cannot be 
had. 1 Many of our smaller birds eat both insects and 
grain, according to opportunity. Hence it appears 
impossible to base any argument against the use of 

1 In the last thirty years or so. sea-gulls have acquired 
a habit of following the plough—sometimes going far in¬ 
land for the purpose—in order to feed on the upturned 
worms.—C. M. B. 
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cooked meat as part of man’s diet upon the structure 
of his teeth. There is no d prion assumption possible 
against the use as food by man of nutritious matter 
derived from animals’ bodies properly prepared. 

So far as d priori argument has any value in such a 
matter, it suggests that the most perfect food for any 
animal—that which supplies exactly the constituents 
needed by the animal in exactly right quantity and 
smallest bulk—is the flesh and blood of another animal 
of its own species. This is a startling theoretical 
justification—from the purely dietetic point of view— 
of cannibalism. It is, however, of no conclusive 
value; the only method which can give us conclusions 
of any real value in this and similarly complex matters 
is prolonged, full, well-devised, well-recorded experi¬ 
ment. At the same time, we may just note that the 
favourite food of the scorpion is the juice of the body 
of another scorpion, and that the same preference for 
cannibalism exists in spiders, many insects, fishes, 
and even higher animals. 

Another line of argument by which some advocates 
of vegetarianism appeal to the popular judgment is 
by representing flesh-food derived from animals as 
something dirty, foul, and revolting, full of microbic 
germs, whilst vegetable products are extolled as being 
clean and sweet—free from odour and putrescence 
and from the scaremonger’s microbes. This, I per¬ 
haps need hardly say, is a gigantic illusion and mis¬ 
representation. Putrefactive microbes attack vege¬ 
table foods and produce revolting smells and poisons 
in them, just as they do in foods of animal origin. It 
is true that on the whole more varieties of vegetable 
food can be kept dry and ready for use by softening 
with hot water than is the case with foods prepared 
from animals. This is only a question of not keeping 
food too long or in conditions tending to the access of 
putrefactive bacteria. It is, on the whole, more usual 
and necessary, in order to render it palatable, to apply 
heat to flesh, fish, and fowl than to fruits. And it is 
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by heat—heat of the temperature of boiling water— 
applied for ten minutes or more, that poison-producing 
and infective bacteria are killed and rendered harm¬ 
less. More people have become infected by deadly 
parasites, and have died from cholera and similar 
diseases, through having taken the germs of those 
diseases into their stomachs with raw and over-ripe 
fruit or uncooked vegetables and the manured pro¬ 
ducts of the kitchen garden, than have suffered from 
the presence of disease-germs or putrefactive bacteria 
in well-cooked meat. Here, in fact, “ cooking" 
makes all the difference, just as it does in the matter 
we were discussing above of the fitness of flesh and 
bone for trituration by man’s teeth. 

Once we remember that man is not fitted for the 
“ raw meat " diet of the carnivora, but is fitted for 
the " cooked meat ” diet which he has himself dis¬ 
covered—alone of all animals—we shall get rid of a 
misleading prejudice in the consideration of the ques¬ 
tion as to whether civilised men should or should not 
make cooked meat a portion of their diet, with the 
purpose of maintaining themselves in as healthy and 
vigorous a state as possible. Ancient Palaeolithic 
cave-men certainly made use of fire to cook their 
meals of animal flesh, and probably this use of fire 
dates back to a still earlier period when, in consequence 
of this application of flame, which he had learned to 
produce, primitive man was able to leave the warmer 
climates of the earth and their abundant fruits, and 
to establish himself in temperate and even sub- 
Arctic regions. 



CHAPTER VIII 


FOOD AND COOKERY 

Animals, taking one kind with another, nourish 
themselves on an immense variety of food. The 
flesh and the blood of other animals of all kinds, 
warm or cold, the leaves, twigs, fruits, juices of 
plants, putrid carcases, hair, feathers, skin, bran, 
sawdust, the vegetable mould or “ humus ” of the 
earth’s surface, the sand of the sea, with its minute 
particles of organic detritus, all serve as food to 
different kinds of animals. Some are very little 
fettered in their tastes, and are called “ omnivorous,” 
others are bound in the strictest way to a diet con¬ 
sisting of the leaves of some one species of plant or 
the juices of one species of animal. Some of the 
latter class, under stress or privation, can accommo¬ 
date themselves to a new food very different in 
character and origin from that which is habitual to 
them; others have no elasticity in this respect, and 
must have their exact habitual food-plant or food- 
animal, unless they are to die of starvation. 

Man exhibits his great powers of accommodation to 
changed circumstances in respect of food as well as 
in other matters. If we are to suppose, as is prob¬ 
able, that our original ape-like ancestors fed exclu¬ 
sively upon fruits and an occasional egg or juicy grub, 
how vast are the changes in diet to which man has 
habituated himself! Man is sometimes said to be 
omnivorous, but this is not a sufficient description 
of the state of things which has grown up as he has 
spread over the earth’s surface. Every race has its 
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accustomed diet, to depart from which is a pain and 
a difficulty, even though new kinds of food may be 
gradually accepted and even become popular. Man 
has in this, as in so many other things, a large range 
of possible accommodation, but he has at the same 
time habits the continuance of which is necessary 
for the healthy working of the nervous system. The 
psychical element in the matter of food-habit is im¬ 
portant in all higher animals, but most of all in man. 
The digestive organs are controlled by the nervous 
system, and the brain acts upon the latter in such a 
way as to favour or to restrain the “ appetite ” and 
the secretion of the elaborate digestive juices, so that 
fear, surprise, disgust, and “ nausea ” (that strange 
product of mental and physical reactions) may 
destroy appetite and inhibit the digestive process. 
There are vast populations of men who live on rice, 
or beans, or meal, and never eat animal food, not 
even milk (after babyhood), nor cheese, and would 
be, at a first attempt to eat it, “ put off ” and dis¬ 
gusted by a mutton chop. There are others who sub¬ 
sist almost entirely on fish, others who live on dried 
beef, others who live on the fat of whales and seals, 
and would be injured, half starved, and some of them 
even killed, by change of diet. Again, there are 
others who consider that they will be “ ill ” unless 
they have the cooked flesh of an ox or sheep as part 
of their daily food. Let us examine this latter group 
a little more fully—a group to which the nations of 
Europe belong, with the exception of the Italians, 
who are essentially a meal-, fruit-, and cheese-eating 
people. 

Apparently at a very early time, even before the 
last glacial period, man had learnt the use of fire, and 
roasted or grilled the carcases of other animals which 
he killed in the chase, in order to consume them as 
food. We have no reason to suppose that man ever 
made use of the raw flesh of higher animals as his 
habitual diet. His teeth are not, and never were, 
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from his earliest ape-like days, adapted to true carni¬ 
vorous diet. Cooked meat is not the food of a 
carnivore, but is an adaptation of the flesh of animals 
to the requirements of a frugivorous animal. Prob¬ 
ably the use of grain and cultivated vegetable food 
is a later step in human progress than the roasting 
of meat. The Neander-men, and even the later 
Reindeer-men (Cromagnards), had no cultivated 
fields, but lived on roasted meat {of beasts, birds, and 
fish) and wild fruits. We know how thoroughly the 
most ancient Greeks enjoyed roasted meat, and 
everywhere in Europe, after the neolithic or polished- 
stone period, meat was a main article of diet, in con¬ 
junction with the vegetable products of agriculture. 
In this country, after the Norman conquest, meat- 
eating was greatly favoured by the important industry 
which grew up in hides. The land was well suited 
for the pasturage of cattle, and owing to the small¬ 
ness of the population and the abundance of cattle 
slaughtered for their hides, meat was almost to be 
had for the asking. It was thus that Englishmen 
became great meat-eaters and that “ the roast beef 
of Old England ” was established. Later the same 
superfluity of meat—in this case, “ mutton ”— 
recurred and became general when wool-growing and 
the manufacture of woollen goods developed into 
important industries. 

But the increase of population has led to a con¬ 
siderable change in the diet of a very large pro¬ 
portion of the community. Whilst the families of 
the better-paid working class and all the middle and 
upper class continue to eat meat, the agricultural 
labourer and the poorer workmen in towns live 
chiefly on flour, sugar, bacon, and cheese. Provided 
that the quantity is sufficient, it cannot be main¬ 
tained that the diet, from which meat is nearly or 
altogether absent, is unhealthy. Many vigorous and 
muscularly well-developed populations in other lands 
thrive on exclusively vegetable food. 
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A curious and not altogether comforting reflection 
is that if the inexpensive and simple food of the 
agricultural labourer is sufficient, the section of the 
community which spends from five to ten shillings 
per head a day on a mixed diet of meat, fish, eggs, 
and vegetables is guilty of waste and excess. Here, 
however, “ habit " has to be recognised. Inexpen¬ 
sive food may contain more than the necessary 
amount of proteids (flesh, the casein of cheese and 
vegetables, the albumen of eggs), of hydrocarbons 
(fats), of carbohydrates (starch and sugar), yet if you 
were suddenly to compel a man accustomed to well- 
cooked meat to live on such food he would be unable 
to assimilate it, his digestive organs would refuse to 
work, and he would become, if not seriously ill, so 
ill-nourished and sickly that he would be unfit for 
his work and readily fall a victim to disease. It is, 
in fact, impossible to lay down any scheme of diet 
based on the mere provision of the necessary quan¬ 
tities of food materials whilst ignoring the formed 
habits of the individual and the relation of the 
psychical conditions which we call " taste,” “ appe¬ 
tite,” “ fancy,” “ disgust,” to the actual processes of 
digestion and the consequent efficiency of the pro¬ 
posed diet. 

No doubt gradually, after a few generations, a 
whole people may becojne healthily habituated to a 
diet which would have been positively injurious to 
their forebears, and no doubt individuals may be led 
by fortitude or by necessity in time to acquire a 
tolerance, or even enjoyment, of food at first repul¬ 
sive, and therefore injurious. The difficulty is to 
arrive at a conclusion as to what is really the suitable 
and reasonable diet for an individual having regard 
to the lifelong habits of the individual, and the 
consequent nervous reactions established in him or 
her in relation to the taste, quality, and mode of 
presentation of food. 

Feeding on the part of civilised man is not the 
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simple procedure which it is with animals, although 
many animals are particular as to their food. The 
necessity for civilised man of cheerful company at 
his meal, and for the absence of mental anxiety, is 
universally recognised, as well as the importance of 
an inviting appeal to the appetite through the sense 
of smell and of sight, whilst the injurious effect of 
the reverse conditions, which may lead to nausea, 
and even vomiting, is admitted. Even the ceremonial 
features of the dinner-table, the change of clothes 
before sitting down to the repast, the leisurely yet 
precise succession of approved and expected dishes, 
accompanied by pleasant talk and light-hearted 
companionship, are shown by strict scientific ex¬ 
amination to be important aids to the healthy diges¬ 
tion of food, which need not be large in quantity, 
although it should be wisely presented. 

These psychical conditions of healthy feeding are 
not trivial matters, as we are too apt to suppose. 
They are a very important part of the physiology 
of nutrition, and so deserving of practical attention. 



CHAPTER IX 

THE HEART’S BEAT 

The beat of the heart, in spite of our familiarity with 
it and its momentary recurrence, never loses its 
quality of mystery and isolation. The ceaseless 
accompaniment to our lives which the heart is always 
beating, like the inexorable stroke of an unseen 
pendulum, fills even the stoutest and bravest at times 
with a sense of awe. It seems now and then as 
though an independent living thing were in our 
breasts, and when it quickens and struggles, as it 
were, with its work, or languishes and hesitates in 
its efforts, we have a sense of helpless domination by 
an existence—a living thing—over whose vagaries 
we have no control. r 'S 1 
The heart of man is no special endowment of 
the human race, nor even of the higher animals. 
The oyster and other shellfis h have a heart which 
^ keeps time and beats the seconds for their un- 
eventful lives, as does that of man for his more 
varied career. Not only the molluscs, but the in¬ 
sects, the spiders, the crabs, lobsters, and shrimps, 
and even the worms, have each a rhythmically 
beating heart. In all of them the significance of 
this heart and its beat is the same—it is driving 
the nourishing, oxygen-carrying blood through 
the great vessels (arteries), which branch from it 
like a tree into the living tissues of the body, whence 
it returns by other vessels (the veins) back to the 
heart. 

In man and the warm-blooded quadrupeds, in 
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birds, reptiles, and fishes, the blood is of a splendid 
red colour, and the transparent vessels can be easily 
traced in their graceful ramifications and intricate 
networks, in consequence of the red blood showing 
through their walls. The red colour is due to a 
peculiar body, which can be easily separated from 
the blood as crystals. It has the special duty of 
carrying oxygen gas dissolved and attached to it; 
and of giving up that essential element to cause slow 
burning or oxidation in all parts of the body whilst 
taking up fresh supplies of oxygen on its passage 
through the lungs or the gills. In many of the lower 
animals (for instance, the oyster) the blood is devoid 
of this red crystalline substance (haemoglobin), and 
accordingly we cannot easily catch sight either of the 
heart or the blood-vessels. But in shell-fish the blood 
has a very pale blue tint, and this colour is due to 
a substance like haemoglobin, which also can be 
crystallised, and is the oxygen-carrier. Some sea- 
worms have a green substance of a similar nature 
dissolved in their blood, and one can trace their 
blood-vessels as a beautiful green network. A good 
many worms, for instance the common earth-worm 
and the leeches, and many sea-worms have deep- 
red-coloured blood, due to the presence of the 
same crystalline substance which we find in man's 
blood. Even a snail, common in ponds—the flat 
coiled snail known as Planorbis —has blood of a 
fine crimson colour, due to the presence of the same 
red oxygen-carrier, as an exception to the colour¬ 
less or pale-blue blood found in most shell-fish. 
Perhaps if oysters, too, had red blood, there would 
be a prejudice against ‘eating them in the uncooked 
condition. 

The heart is essentially an enlargement of the great 
stem or main blood-vessel, which, like the trunk of a 
tree, has branching roots at one end of it and ordinary 
branches at the other. The trunk, branches, and 
roots of the “ heart-tree ” are, of course, hollow 
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blood-holding tubes, not solid fibrous structures, as 
are the woody branches and trunk of a vegetable 
tree. Further, the finest rootlets and the finest 
terminal branches in the case of the heart-tree are 
connected to one another by the network of very 
fine branches or by great blood-holding cavities, 
which occupy all parts of the body of an animal. 
The enlarged part of the trunk of the tree-like system 
of blood-vessels—the heart—has powerful muscles 
forming its walls, the fibres disposed so as to sur¬ 
round the contained chamber. When these muscular 
fibres contract, they squeeze the walls of the chamber 
together and drive the blood out of it into the for¬ 
ward branches, called “ arteries.” It is prevented 
from going backwards into the hinder branches 
called “ veins ” (which we compare to the roots of 
a tree) by flaps which are so set on the inside of the 
great vessel at the entrance to those branches that 
the flaps are made to move out across the space by 
the backward current, and thus prevent any back¬ 
ward flow, whilst a forward current merely presses 
them flat against the wall of the vessel, and thus no 
obstruction to a forward flow is presented. These 
flaps are called the valves of the heart. The conse¬ 
quence of this arrangement is that whilst blood flows 
freely into the heart from the veins or hinder (root¬ 
like) set of vessels, it is driven by the muscular 
contraction of the heart only in one direction, namely, 
forwards into the arteries. This movement in one 
direction is helped in some elongated hearts by the 
contraction of the wall of the heart beginning behind 
and spreading quickly fonvard like a wave. The 
heart of the common earth-worm and of small trans¬ 
parent worms with red blood like it, which are com¬ 
mon in the mud of ponds and rivers and can be easily 
watched with the microscope so that one can see 
through their glass-like skin what is going on inside 
them, shows very beautifully this wave of contrac¬ 
tion. The heart in these worms is a long contractile 
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vessel which runs the whole length of the body along 
the back. You can watch the red blood flowing 
into it through the veins in each ring or segment 
of the worm's body—slowly swelling it out—so 
that it looks like a long red cord. Then, suddenly, 
there is a movement like a flash in its rapidity, 
passing from behind forwards ! The walls of the 
red cord-like heart contract so as to drive the 
blood forward into the arteries, which also are present 
in every ring of the worm’s body. At the same 
time you can see the valves, which hang at the en¬ 
trance of the veins to the heart, swing with a sudden 
chuck ” and close those vessels against the driven 
blood. The red cord becomes colourless progress¬ 
ively from behind forwards, owing to the squeez¬ 
ing out of the blood, and by the time the move¬ 
ment has reached the head of the worm, the hinder 
part of the cord-like heart is beginning slowly to 

dilate again with the influx of red blood from the 
veins. 

What causes the muscles of the heart to contract 
at regular internals ? There is no doubt that the 
stimulus which excites the heart muscles to con¬ 
traction is in these simpler animals merely the tension 
or strain produced by the presence of a sufficient 
quantity of blood which has flowed into the heart 
from the veins. The heart muscle, after its rapid 
contraction, rests; it has no other rest, no sleep, 
as have all the other parts of the body. It must 
rest and take refreshment after each effort. Whilst 
it rests the blood quietly flows in and dilates the 
ieart s cavity; then the rested muscular wall of the 
heart, gently stretched by the recovery after com¬ 
pression of its elastic components, nourished and 
oxygenated by the blood, is ready for another 
stroke, and again it contracts tightly, emptying 
its cavity of blood, which is driven into the arteries. 

o it goes on effort and rest, effort and rest alter¬ 
nating without cease. Whilst it is the stroke of the 
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heart which causes the blood to flow through the 
arteries into the finest network of hair-like vessels, 
what is it that causes the blood to flow on through 
the collecting veins, to reach the heart, and actually 
to distend that collapsed cavity after its stroke ? It 
must be remembered that a very low pressure is 
enough to effect this. In the simplest arrangements 
of worms and such-like animals, there is probably 
some pressure transmitted to the blood in the veins 
by the heart-stroke; but the elasticity of the heart- 
wall and its necessary tendency to resume its dilated 
condition after its squeezing by its rings of muscle, 
is what is chiefly effective in drawing on the blood 
in the veins into the heart. 

In man and the higher animals the whole mechan¬ 
ism of the heart is greatly complicated by the action 
of the nervous system upon it and upon the con¬ 
traction or expansion of the blood vessels. In this 
way the rate of the beat of the heart is affected and 
brought into relation with the needs of the blood 
circulation in remote parts of the body. The beat 
of the heart in the human species is more rapid in 
children than in adults, and more rapid in women 
than in men, and it differs in all individuals under 
differing conditions. Before birth it is 140 per 
minute, in the first month after birth 130, and 
gradually diminishes to 90 at nine years of age, and 
at twenty-one to 70 in man and to 80 in woman. 
But these figures only represent a general average; 
there are healthy men whose pulse usually is less than 
45 per minute, and there are individuals who, with¬ 
out being invalids, yet have the movement of the 
heart so liable to increase in rapidity through mental 
or other excitement, acting by nerves directly on the 
heart muscle, that the pulse often goes up to 120. 
In the horse and the ox the pulse or heart beat is 
36 to 40 a minute; in the sheep 60 to 80; in the dog 
100 to 120; in the rabbit 150; and in small creatures, 
like mice and moles, 200, and even more ! I do not 
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know what is the record for the elephant, but as it 
seems that the larger the mammal the slower the 
pulse, one would not expect more than 20 to 25 
beats a.minute in his case. 1 

It is easy to watch the beating of the heart of a 
flea or other small insect—under the microscope— 
since the skin is sufficiently transparent. It is not 
usually much more rapid than in man, but in the 
very transparent little fresh-water shrimps which are 
called water-fleas ( Entomostraca) I have seen the 
heart beating so rapidly that I could not count its 
r . a * e \ The heart in insects and shrimps and their 
like is remarkable for the fact that whilst it pumps 
out blood through arteries both in front and behind, 
it has no actual veins opening into it. All the veins, 
which in their ancestors entered the heart in a row on 
each side of it, have united, and their walls have 
broken down, so that the heart lies in a sac full 
of venous blood from which it draws its fill, when 
it dilates, through a series of valve-bearing open¬ 
ings on its surface, openings which, in an earlier 

stage of development, were connected with individual 
veins. 

The heart of the Ascidians or sea-squirts, common 
sac-hke marine creatures of most varied form, size, 
and colour, is perhaps the most extraordinary in the 
whole animal series. It is an oblong sac with branch¬ 
ing vessels at either end. It beats for some thirty or 
forty strokes so as to drive the blood forwards; it 
then pauses, and the onlooker is astounded to see the 
wave of movement changed, and the heart steadily 
eating the same number of strokes in the reversed 
irection. What were arteries become veins, and the 
\eins become arteries. Then again there is a pause 
an the former direction of movement is resumed; 


1 ^rred this point to Sir Peter Chalmers Mitchell, F.R.S.. 
av _ A-fy informs me "there is very good authority” for 
.. tke rate of heart-beat of a normal adult elephant ” 

at from 46 to 50 per minute.”—C. M. B. 
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again a pause and a reversal, and so on, with absolute 
regularity. 

It is a curious fact in illustration of the essential 
character of the heart and its beat that “ hearts ” 
are produced in some animals by dilatation of the 
lymph vessels—a system of delicate vessels which 
take up the colourless fluid which the blood-vessels 
exude into the tissues and return it to the heart. 
The eel has a pair of these “ lymph-hearts ” in 
its tail, and the common frog has a pair near the 
shoulder-blades and another pair at the hips. 
These sacs have muscular walls, and pulsate rhyth¬ 
mically like the blood-heart, driving on the lymph 
fluid through the lymph vessels to join the blood¬ 
stream. 

The simplest thing in the animal world which can 
be compared with a heart is found in those micro¬ 
scopic animalcules which consist of only a single 
“ cell ” of living protoplasm. These animalcules may 
be compared to single bricks or units of structure, 
whereas all other animals consist of thousands, or 
even millions, of such units aggregated and fitted 
together as are the bricks and planks of a house. 
In most of these uni-cellular animalcules a little 
spherical liquid-holding cavity slowly enlarges, then 
bursts at the surface, and collapses. After a brief 
interval it forms again, and again bursts to the 
exterior. In the “ bell-animalcule ”—a beautiful 
active little creature only one-thousandth of an inch 
in diameter—it may be seen to form, swell, collapse, 
and re-form as often as twenty times in a minute. 
Soluble colouring matter taken in by the animalcule 
with food is excreted by the liquid accumulated in 
and ejected to the exterior by this spherical chamber. 
It is called the “pulsating” vacuole, and by its 
rhythmical pulsating movement of dilatation and 
collapse presents definite points of similarity to the 
alternately dilating and contracting hearts of higher 
animals. The entering flow of liquid here, as in the 
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veins and heart of higher animals, is continuous. The 
rhythm is due, as is the rhythm of the heart, to the 
alternation of a brief period of activity or contrac¬ 
tion, and a brief period of consequent exhaustion, 
rest, and repair on the part of living contractile 
substance. 


CHAPTER X 


SLEEP 

“ Sleep ” ! What a mysterious, yet sweet and 
lovable thing it is ! How strange it is that we all 
regularly and gladly abandon ourselves to it ! How 
terrible is the state of those who cannot do so ! 

In sleep, though many of the activities of the body 
and mind are checked, and even arrested, there are 
yet still present the never-ceasing pulse of the heart, 
the flow of the blood, the intake and output of the 
breath, and a certain subdued but still active tension 
of muscles, so that though the body and limbs are 
relaxed they never assume the aspect of complete 
mechanical collapse which we see in death. The 
pupils of the eyes are strongly contracted during 
sleep, not relaxed and expanded as are those of 
wide-awake people in the dark. 

All things on the earth may be said (if we use the 
term in a wide sense) to sleep, for all are affected by 
the stimulation to activity caused by sunlight and by 
its cessation during night. It is only of late years that 
we have come to know of fishes, crabs, worms, and 
star-fishes (many of them without eyes) which live in 
the depths of the ocean, where no light penetrates and 
it is always night. All things accessible to the sun s 
rays are not equally, nor even similarly, affected by 
the alternation of day and night, and some not directly 
at all, but only by the sleeping and waking of other 
things. The food of all living things comes ultimately 
from plants which, in the presence of sunlight, and 
in virtue of its action upon their green leaves, manu- 
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facture starch and sugar from the carbonic acid which 
exists in the air and water around them, whilst they 
are also thus enabled to take up nitrogen, and so to 
form their living substance or protoplasm. At night 
those cells of the living protoplasm of plants which 
are furnished with transparent green granules, so as 
to entangle the sunlight, and by its aid feed on carbonic 
acid, cease this work. They necessarily repose from 
their labour because the light has gone. This is the 
simplest example of the sleep of living things. And 
that here, too, as in higher creatures, sleep is not a 
merely negative thing—a mere cessation—is shown 
by the fact that it is at night that other changes go 
on in the plant. The manufactured food takes effect 


on the cells nourished by it; in the night the well-fed, 
enlarged cells in the growing parts of many plants 
slowly divide each one into two, and each of these 
again into two, and so on, so as to increase their total 
number and produce growth and development of the 
plant. This alternation of activities in day and night 
occurs even in the invisible microscopic vegetation 
of pools and streams. Animals—even the most 
rmnute—move about in search of " bits ” of food- 
bits of other animals or of plants—and they, too, are, 
\\ith special exceptions, checked in their search for 
food by darkness, for even extremely minute and 
simple animals are guided in their search by light 

^ sa y» by a more or less efficient sense of 
fg<?t. /“us we see that in a general way the sun is 
truly the ruler of life, and that when he is hidden 
from us we all become quiescent, a condition which 
may be rightly considered as the elementary form 
the simplest equivalent of the sleep of man. The 
quiescence which falls on the earth with the setting 

howeve f. become the opportunity of 
classes of living things to seize an advan- 
tage. Beasts of prey, many of them, sleep during the 

on y thp n d. Ste K f ° rth night 01 ? velvet foot t0 pounce 
umbenng animals which are their necessary 
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food. Another group of timid animals, moths and 
small beasts like mice, hedgehogs, and lemurs, find 
their safety in the dark, and only then venture forth. 
Even so, the moths are met by special nocturnal 
enemies, the bats. So that the primitive arrangement 
is complicated by a wakefulness, exchanging day for 
night. 

It is natural to apply the word “sleep to the 
state of profound repose which other living things 
appear to enter upon at night, so far as we can judge 
by changes of activity and attitude—although it must 
be remembered that the sleep of man is what we really 
indicate by that word, and that it is difficult to trace 
anything beyond a superficial similarity between 
man’s sleep and the repose or quiescence following 
upon activity in other living things—excepting those 
which by their structure and the working of their 
mechanism are obviously comparable to man, such as 
beasts, birds, reptiles, and fishes. The “ sleep of 
plants ” is the term applied to the closing of the 
flower the drooping of the flower-head and of the 
leaves’ of many of the common flowering plants 
which occurs at sunset or during the later hours of 
sunlight. But it seems that this is not really com¬ 
parable to man’s sleep. The closing of the flower 
appears to be a protection of its perfume from useless 
evaporation during the darkness, and the drooping a 
device to avoid the settlement of dew and the injurious 
action of cold. Living things always furnish us with 
examples of adaptations resisting the general law 
and as there are moths which fly by night so also 
there are flowers which remain closed by day and 
open at night to attract these moths, by whom their 
pollen is carried and their fertilisation effected The 
tobacco-plants of our gardens are examples of these 
night-opening flowers, which attract the nocturnal 
moths by their heavy perfume, and there are many 

0t That beasts and birds enjoy a nocturnal sleep 
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similar to that of man, which is occasionally—like his 
sleep—transferred from night to daytime, is a matter 
of common knowledge. These animals, like man, 
lower the eyelids and adopt a position of case when 
sleeping, even though they often remain poised on 
their legs. The question has been raised as to 
whether fishes sleep, since they have no eyelids and 
remain when at rest poised in the water. We made 
some inquiries on this subject in the laboratory of 
the Marine Biological Association at Plymouth some 
years ago, and came to the conclusion, from the 


observation of various marine fishes in the aquarium 
there that fishes do sleep at night. They come to 
rest on the bottom of the tanks, and are not so quickly 
responsive to a touch or intrusion of any kind as they 
are in the daytime. In all shallow-water marine 
organisms the absence of light produces a corre¬ 
sponding period of quiescence. 

The sleep of man, and of animals which have, like 
man, a large and well-developed nervous system, has 
for its salient feature the cessation or extreme lowering 
of the psychical " activity of the brain. When sleep 
is at its height, external agents (such as a touch, a 
sound, a flash of light), which in the waking state set 
up through the nerves of the organs of the senses 
complex changes in the brain, no longer do so. They 
not only fail to excite consciousness and to leave their 
mark on the memory, but they do not produce even 
a ~ m pl e uncons cious response. Yet if they are of a 
sufficient degree of violence, they do reach the brain, 
and thus awake ” the sleeper. Corresponding to the 
absence of receptive activity of the brain in sleep is 
the absence of outgoing impulses from that organ; 
there is no such control of the muscles as in the waking 
state, the head nods, the eyelids droop, and the 

muscular action by which the erect posture is 
maintained is in abeyance. 

The passage from the waking state to that of deep 
sleep is not sudden but graduated, and so is the process 
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of awakening. In the intermediate condition, either 
before or after deep sleep (often only a minute or two 
in duration) the brain can still receive, more or less 
confusedly, impressions from the exterior through the 
organs of sense, and it is in this way that “ dreams ” 
are set going, and may be afterwards either forgotten 
or remembered. In full sleep the mind is a blank. 
As a rule healthy sleep becomes gradually more 
complete in the first hour, and then very slowly less . 
profound. In sleep it is not only the brain which is 
at rest: the whole body shares in the condition. 
The pulse and breathing are slower, the digestive 
organs are more or less at rest. Both the intake of 
oxygen into the lungs and the expiration of carbonic 
acid are lessened. The chemical changes within the 
body are lessened though still proceeding, and as a 
consequence the temperature is lowered. 

It is probably true that the brain becomes pale 
during sleep, owing to a contraction of the blood 
vessels, and that the inactivity of the brain arises 
from this condition. But it is not obvious what 
determines the contraction of these vessels at the 
definitely recurring period of sleep. It is probable 
that the nervous tissue of the brain is, as are the 
muscles of the body, poisoned or choked (as it were) 
by the chemical products of the day’s activity, and so 
readily cease to be active until the injurious products 
have had time to be carried away by the blood stream. 
Muscular substance undoubtedly is affected in this 
way, and that great muscle the heart, though never 
resting for a lengthened period, rests after each 
contraction, and recovers itself in the brief interval. 

It is also probable that the exhaustion by the day s 
activity of the oxygen stored up in the various tissues 
of the body produces a condition of quiescence. 
Stimulation of the nerves through the sense-organs 
of sight, hearing, and touch will prevent or retard 
this natural quiescence, and the cessation of that 
stimulation is favoured first of all by the darkness o 
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night and by the closing of the eyelid, as well as by 
the removal of clothe§ which more or less irritate the 
skin; also by the would-be sleeper taking up a position 
of perfect rest, and by the exercise of his will, with¬ 
drawing his brain as much as possible from all external 
influences. The would-be sleeper also controls, when 
possible, that internal stimulation of the brain which 
we call attention. It is the failure (owing to unhealthy 
conditions) to control the latter which leads to the 
most serious kind of sleeplessness, when the brain 
gets for hours out of restraint and works incessantly 
like an independent existence. The disturbance of 
the nervous system set up by irritation of the digestive 
organs, whether accompanied by pain or not, is an 
independent cause of sleeplessness which often co¬ 
operates with the first, and is often set going by an 
unhealthy excess in the excitement of the brain’s 
activity. There is no panacea for sleeplessness ; the 
only thing to do is to consult a first-rate physician, 
and strictly follow his advice. 

There are many irregularities and abnormal mani¬ 
festations of sleep. There is the sleep which is 
induced by drugs such as opium, chloral, and alcohol, 
or induced by chloroform, ether, and nitrous oxide, 
there is the heavy sleep accompanied by stertorous 

,, a * and there is the unconscious condition 
ca n e , <« ,, Then there is the prolonged sleeping 

ca , e trance, of which that of the Sleeping Beauty, 
only to be>oken by a kiss, is an example One of 

lntere sting forms of sleep is the condition 
called somnambulism," or sleep-walking, in which 

nerte^H tie - ^ ra ‘ n * s aslee P- and other parts con- 
" a uf d lth A var “>us degrees of mental activity are in 

DenS* ° t - d H r ' ' Hypnotism ” is the name for a 

nnpr^t kmd ° f S eep P roduced intentionally by an 

direction ^ a patl f nt b y certain treatment and 

caUed* th* In ° ne stages of hypnotic sleep— 

brainis t ^lPP° 1 I i nnambUlC sta g e ~ onI Y so much of the 
brain is asleep as is concerned with conscious memory 
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The brain receives stimulation through the sense- 
organs, and the patient has the eyes open and appears 
to be awake. In this state he is peculiarly open to 
suggestion by words, which can be made to set up 
the most extraordinary illusions and consequent 
behaviour. On “ waking ” the patient has no 
memory of what has occurred, though a suggestion 
received in the somnambulic stage may persist in the 
unconscious memory, and cause conduct on the part 
of the patient (many hours after the brief hypnotic 
sleep has passed) which is entirely inexplicable by 
the patient himself or by those who are not aware of 
the fact that he had received a “ suggestion ” or 
“ direction ” when in the hypnotised state. The 
senses of smell, hearing, and touch are often abnor¬ 
mally acute in a hypnotised patient, but there is no 
evidence to show that the brain of such a person can 
be influenced or “ communicated with ” excepting 
through the ordinary channels of the sense-organs. 
“ Day-dreaming ” and “ reverie ” are conditions 
resembling hypnotic sleep. The brain of each of us 
is constantly doing much of its work in a state of 
partial hypnotism, and the term ‘ unconscious 
cerebration " has been used to describe it. 

The prolonged sleep of some animals in the winter, 
called “ hibernation,” seems to be closely similar to 
ordinary sleep, but is set up by the depressing action 
of continuous cold instead of by the daily recurring 
quiescence of night and by the exhaustion due to the 
day’s activity. Many animals—such as the marmot 
and dormouse, the frog and the snail—exhibit this 
winter sleep. It has been found by experiment that 
even in midsummer the dormouse can be made to 
“ hibernate,” by exposing it artificially to a low 
temperature, and hibernating animals can be roused 
from their long sleep by bringing them into warmth. 
During the winter sleep hibernating animals take no 
food, the pulse is slowed down, and the body tem¬ 
perature falls. The fat of the body, and fatty matter 
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and other material stored in special structures called 
“ hibernating glands,” are oxidised and slowly con¬ 
sumed during this period, which may last for three 
or even four months. The animal on waking is often 
in a very emaciated condition. 

The natives of high latitudes (such as the Nor¬ 
wegians), where there is no night in full summer, and 
where there is prolonged darkness in winter, have 
acquired the habit of keeping awake for many days 
in succession in summer, whilst making up for the 
loss of sleep by excessive indulgence in it during the 
winter. Undoubtedly many men are compelled by 
their avocations to sleep by day and wake by night. 
The length and duration of “ spells of sleep ” and the 
power to “sleep little or not at all at one season, and 
almost uninterruptedly at another, without injury to 
health, are matters of habit, occupation, and circum¬ 
stance. We have no ground for saying that every 
man “ ought ” to sleep eight hours or more per diem, 
or, on the contrary, for insisting that he should only 
sleep five or less. All depends on what he is doing 
when he is awake, and what other people are doing 
(so as to disturb him) when he is asleep. 

Babies sleep a good part of the twenty-four hours, 
and probably schoolboys and schoolgirls (under our 
present conditions of life and work) ought to be given 
ten hours or more. Whilst adult men sleep from six 
to eight or nine hours, it is a curious fact that old 
people not very old people, but those of sixty-five 
or thereabouts—often find themselves unable to sleep 
more than four hours at night, and take an hour or 
two in the daytime to make up for the deficiency. 
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LAUGHTER 

What is laughter? It is a spasmodic movement of 
various muscles of the body, beginning with those 
which half close the eyes and those which draw back¬ 
wards and upwards the sides of the mouth, and open 
it so as to expose the teeth, next affecting those of 
respiration so as to produce short rapidly succeeding 
expirations accompanied by sound (called “ guffaws ” 
when in excess) and then extending to the limbs, 
causing up and down movement of the half-closed 
fists and stamping of the feet, and ending in a rolling 
on the ground and various contortions of the body. 
Clapping the hands is not part of the laughter “ pro¬ 
cess,” but a separate, often involuntary, action which 
has the calling of attention to oneself as its explana¬ 
tion, just as slapping the ground or a table or one’s 
thigh has. Laughter is spontaneous, that is to say, 
the movements are not designed or directed by the 
conscious will. But in mankind, in proportion as 
individuals are trained in self-control, it is more or 
less completely under command, and in spite of the 
most urgent tendency of the automatic mechanism 
to enter upon the progressive series of movements 
which we distinguish as (i) smile, (2) grin, (3) laugh, 
(4) loud laughter, (5) paroxysms of uncontrolled 
laughter, a man or woman can prevent all indication 
by muscular movement of a desire to laugh or even 
to smile. Usually laughter is excited by certain 
pleasurable emotions, and is to be regarded as an 
“ expression ” of such emotion just as certain move- 
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ments and the flow of tears are an “ expression ” of 
the painful emotion of grief and physical suffering, 
and as other movements of the face and limbs are 
an “ expression ” of anger, others of " fear.” The 
Greek gods of Olympus enjoyed " inextinguishable 
laughter.” 

Why do we laugh ? What is the advantage to the 
individual or the species of ” laughing ”? Why do 
we “ express ” our pleasurable emotion and why in 
this way ? It is said that the outcast diminutive 
race of Ceylon known as the Veddas never laugh. 
A planter induced some of these people to camp in 
his “ compound,” in order to learn something of their 
habits, language, and beliefs. One day he said to 
the chief, “ You Veddas never laugh. Why do you 
never laugh? ” The little wild man replied, “ It is 
true ; we never laugh. What is there for us to laugh 
a V _ an answer almost terrible in its pathetic sub¬ 
mission to a joyless life. For laughter is primarily, 
to all races and conditions of men, the accompani¬ 
ment, the expression, of the simple joy of life. It has 
acquired a variety of relations and significations in 
the course of the long development of conscious man 

but primarily it is an expression of emotion, set 
going by the experience of the elementary joys of 
me—the light and heat of the sun, the approach of 
food, of love, of triumph. 

Before we look further into the matter it is well to 
note some exceptional cases of the causation of 
aughter. The first of these is the excitation of 
aughter by a purely mechanical “ stimulus ” or 
action from the exterior, without any corresponding 
mental emotion of joy—namely by “ tickling,” that 
1S > fight rubbing or touching of the skin under the 
arms or at the side of the neck, or on the soles of the 
ee . it is probably one of those cases in which a 
mechanism of the living body is set to work, by 
irectly causing the final movement, for the pro- 
uc ion of which a special train of apparatus is 
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provided, and in ordinary circumstance is the regular 
mode in which the working of the mechanism is 
started. The apparatus of laughter is, when due to 
“ tickling,” set at work by a short cut to the nerves 
and related muscles without recourse to the normal 
emotional steam-cock. 

Then we have laughter which is purely due to imita¬ 
tion and suggestion. People laugh because others are 
laughing, without knowing why. This throws a good 
deal of light on the significance of laughter. It is 
essentially a social appeal and response. Only in 
rare cases do people laugh when they are alone. 
Under conditions which in the presence of others 
would cause them to laugh they only “ chuckle ” or 
smile, and may, though ready to burst into laughter, 
not even exhibit its minor expressions when alone. 
On the other hand, some sane people have the habit 
of laughing aloud when alone, and there is a recog¬ 
nised form of idiocy which is accompanied by inces¬ 
sant laughter, ceasing only with sleep. Then there is 
that peculiar condition of laughter which is called 
“ giggling,” which is laughter asserting itself in spite 
of efforts made to restrain it, and frequently only 
because the occasion is one when the ” giggler ” is 
especially anxious not to laugh. This kind of “ in¬ 
verted suggestion ” is obviously not primitive, but 
connected with the long training and drilling of man¬ 
kind into approved ” behaviour ” by ” taboos ” and 
restrictive injunctions. Efforts to behave correctly, 
by causing anxiety and mental disturbance in 
excitable or so-called " nervous ” subjects, lead to an 
overmastering impulse to do the very thing which 
must not be done ! 

It seems that laughter has its origin far back in the 
animal ancestry of man, and is essentially an expres¬ 
sion to others of the joy and exhilaration felt by the 
laugher. It is an appeal through the eye and ear for 
sympathy and comradeship in enjoyment. Its use 
to social animals is in the binding together of the 
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members of a group or society in common feeling and 
action. Many monkeys laugh, some of them grinning 
so as to show the teeth, partly opening the mouth 
and making sounds by spasmodic breathing, identical 
with those made by man. I have seen and heard the 
chimpanzees at the Zoological Gardens laugh like 
children at the approach of their friend and my 
friend, the distinguished naturalist, Mr. George 
Boulenger, F.R.S., recognising him among the crowd 
in front of their cage when he was still far off. And I 
have often made chimpanzees " roar with laughter,” 
and roll over in excitement—by tickling them under 
the arms. Not only do the higher apes and some of 
the smaller monkeys laugh, but dogs also laugh, 
although they do not make sounds whilst indulging 
in ” spasms of laughter.” The hyena laughs, the 
dog grins and bounds, the child laughs and jumps for 
joy at the approach of something good to eat. But 
it is a curious fact that the whole attitude is changed 
when the food is within reach, and the serious business 
of consuming it has commenced ! Nor, indeed, is the 
satisfaction which is felt after the gratification of 
appetite accompanied by laughter. It seems that 
the display of the teeth by drawing back the corners 
of the mouth, which is called a “ grin,” and is asso¬ 
ciated in many dogs with a short, sharp, demon¬ 
strative bark, and in mankind with the cackle we 
call a “ laugh,” is a retention, a survival, of the 
playful, good-natured movement of gently biting or 
pulling a companion with the teeth used by our animal 
ancestors to draw attention to their joy and to com¬ 
municate it to others. Gradually it has lost the 
actual character of a friendly bite; the fore-feet or 
hand pull instead of the teeth; the sound emitted 
has become further differentiated from other sounds 
made by the animal. But the movement for the 
display of the teeth, though no longer needed as a 
part of the act of gripping, remains as an understood 
and universal indication of joy and kindly feeling. 
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There are many and strangely varied occasions 
when laughter seizes on man. There is, first of all, 
the laughter of revivification and escape from death 
or danger. After railway accidents, earthquakes, 
and such terrible occurrences, those who have been 
in great danger often burst into laughter. The 
nervous balance has been upset by the shock, and 
the emotional joy of escape asserts itself in what 
appears to the onlooker to be an unseemly, an 
unfeeling laugh. The “ ritual laugh ” was enforced 
upon their victims by the Sardinians and others who 
habitually killed their old parents. They smiled and 
laughed as part of the ceremony, the executioners 
also smiling. The old people were supposed to laugh 
with joy at the revivification which was in store for 
them in a future state. So, too, the Hindoo widows 
used to laugh when seated on the funeral pyre ready 
to be burnt. 

More difficult to explain is the laughter excited by 
scenes or narrations which we call ludicrous, funny, 
grotesque, comic; and still more so the derisive and 
contemptuous laugh. Caricature or burlesque of well- 
known men is a favourite method of producing 
laughter among savages as well as civilised peoples. 
Why do we laugh when a man on the stage searches 
everywhere for his hat, which is all the time on his 
head ? Why do we laugh when a pompous gentleman 
slips on a piece of orange-peel and falls to the ground, 
or when one buffoon unexpectedly hits another on 
the head, and, before he has time to recover, with 
equal unexpectedness hooks his legs with a stick and 
brings him heavily to the ground ? In all these 
“ ludicrous ” affairs there is an element of surprise, 
a slight shock which puts us off our mental balance, 
and the subsequent laughter, when we realise either 
that no serious harm has been done or that the whole 
thing is make-believe, seems to partake of the charac¬ 
ter of the “ laugh of escape.” It is caused by a sense 
of relief when we recognise that the disaster is not 
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real. We laugh at the “ unreal ” when we should 
be filled with horror and grief were we assured that 
there was real pain and cruelty going on in front of 
us. The laughter caused by grotesque mimicry or 
* caricature of pompous or solemn individuals seems to 
arise from the same (more or less unconscious) working 
of the mind as that caused by some unexpected 
neglect of those social“ taboos ” or laws of behaviour 
which we call modesty, decency, and propriety. They 
either cause indignation and resentment in the on¬ 
looker at the neglect of respect for the taboo, or, on 
the contrary, the natural man, long oppressed by 
pomposity or by the fetters of propriety imposed by 
society, suddenly feels a joyous sense of escape from 
his bonds, and bursts into laughter—the laughter of 
a return to vitality and nature—which is enormously 
encouraged and developed into “ roars of merriment ” 
by the sympathy of others around him who are 
experiencing the same emotion and expressing it in 
the same way. 

The laugh of derision and contempt and the laugh 
of exultation and triumph are either genuine or pre¬ 
tended assertions of joy in one’s own superior vitality 
or other superiority. The “ sardonic smile ” has 
been supposed by some to refer to the smiles of the 
ancient Sardinians when stoning their aged parents. 
But it has no more to do with Sardinians than it 
has with sardines or sardonyx. The word " sardonic ” 
is related to a Greek word which means “ to snarl,” 
and a sardonic grin is merely a snarl. In it the teeth 
are shown with malicious intent, and not as they are 
in the benevolent appeal of true laughter. 



CHAPTER XII 


ELEPHANTS 

At the present day there are two species only of 
elephant existing on the earth’s surface. 1 These are 
the Indian (Fig. 14) (Elephas indicus), and the 
African [Elephas africanus). In the wild state their 
area of occupation has become greatly diminished 
within historic times. The Indian elephant was 
hunted in Mesopotamia in the twelfth century B.C., 
and Egyptian drawings of the eighteenth dynasty 
show elephants of this species brought as tribute by 
Syrian vassals. To-day the Indian elephant is con¬ 
fined to certain forests of Hindoostan, Ceylon, Burma, 
and Siam. The African elephant extended 100 years 
ago all over South Africa, and in the days of the 
Carthaginians was found near the Mediterranean 
shore, whilst in prehistoric (late Pleistocene) times 
it existed in the south of Spain and in Sicily. 
Now it is confined to the more central and equa¬ 
torial zone of Africa, 2 and is yearly receding before 
the incursions and destructive attacks of civilised 
man. 

In the late Pleistocene period, we find that there 
existed all over Europe and North Asia and the 
northern part of America another elephant very 

1 It is probable that systematic zoologists will now add a 
third species—the pygmy Elephant (known to natives as 
Sumbi), recently discovered in the Gola Forests between 
Liberia and Sierra Leone.—C. M. B. 

2 Sir Ray Lankester would appear to have overlooked the 
Elephants of the Addo Bush in the extreme south of the 
African Continent.—C. M. B. 
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closely allied to the Indian elephant, but having a 
bow-like outward curvature of the tusks, their points 
finally directed towards one another, and a thick 
growth of coarse hair all over the body. This is 
“ the mammoth,” the remains of which are found in 
every river valley in England, France, and Germany, 
and of which whole carcases are frequently discovered 
in Northern Siberia, preserved from decay in the 
frozen river gravels and “ silt.” The ancient cave¬ 
men of France used the fresh tusks of the mammoth 



Tig. 14.—The Indian elephant (Elcphas maximus or 
indicas). Observe the small size of its ear-flap. 

killed on the spot for their carvings and engravings, 
and from their time to this the ivory of the mammoth 
has been, and remains, in constant use. It is estim¬ 
ated that during the last two centuries at least 
100 pairs of mammoths' tusks have been each year 
exported from the frozen lands of Siberia. 

By the discovery and study of these earlier forms 
we have arrived at a knowledge of the steps by which 
the elephant acquired in the course of millions of 
years his " proboscis.” 

The most striking fact about the elephant is its 

enormous size which is only exceeded among living 
d 2 
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animals by that of whales. A fair-sized Indian 
elephant weighs two to three tons (Jumbo, one of the 
African species, weighed five), and requires as food 
60 lb. of oats, i£ truss of hay, ij truss of corn a day; 
whereas a large cart-horse weighs 15 cwt., and requires 
weekly three trusses of hay and 80 lb. of oats. The 
elephant requires so much food and takes so many 
years in growing up (twenty or more) that it is only 
in countries where there is a superabundance of forest 
in which he can be allowed to grow to maturity at 
his own “ charges ” (so to speak) that it is worth 
while to attempt to make use of him. For most 
purposes three horses are more “ handy ” than one 
elephant. 

Of the largest Indian elephants about 10 ft. 6 in. 
at the shoulder seems to be the maximum; on the 
other hand, the African elephant not unfrequently 
exceeds a height of 11 ft. at the shoulder. 1 It is 
worth while calling to mind that the smallest terres¬ 
trial mammal—the pigmy shrew-mouse—has prac¬ 
tically every separate bone, muscle, blood-vessel, 
nerve, and other structure present in the huge 
elephant—is, in fact, built closely upon the same 
plan, and yet the mouse is only about one-fifth the 
length of the elephant’s eye. 

The African elephant has much larger tusks rela¬ 
tively to his size than the Indian, and both males 
and females have them, whereas the Indian female 
has none. A very fine Indian elephant’s tusk weighs 
from 75 lb. to 80 lb. I obtained ten years ago for 
the museum, where it now may be seen, an African 
elephant’s tusk weighing 228^ lb. It measures 
10 ft. 2 in. in length along the curvature. 

The African elephant has a sloping forehead 
graduating into the trunk or proboscis, instead of the 
broad, upright brow of the Indian. He also has very 
much larger ears, which lie against the shoulders 

1 R. S. Lull quotes 13 feet for wild African specimens. 

C. M. B. 
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(except when he is greatly excited) like a short cape 
or cloak. The grinding teeth are very large and 
long (from behind forwards), coming into place one 
after the other. Each grinder occupies, when fully 
in position, the greater part of one side of the upper 
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Fig. 15. The crowns of three " grinders ” or molars of ele¬ 
phants compared. A is that of an extinct mastodon with 
four transverse ridges; B is that of the African elephant 
with nine ndges in use and ground fiat; C is that of the 
mammoth with sixteen narrow ridges in use—the rest 
some eight in number, are at the left hand of the figure 
and not yet in use. 

or of the lower jaw. They are crossed from right to 
left by ridges of enamel, like a series of mountains and 
valleys, which gradually wear down by rubbing 
against those of the tooth above or below. The 
biggest grinder of the Indian elephant has twenty- 
four of these transverse ridges, whilst that of the 
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African has only eleven, which are therefore wider 
apart (see Fig. 15). An extinct kind of elephant—the 
mastodon—had only five such ridges on its biggest 
grinders, and four or only three on the others. Other 
ancestral elephants had quite ordinary-looking 
grinders, with only two or three irregular ridges or 
broad tubercles. Both the Indian and African 
elephant have hairless, rough, very hard, wrinkled 
skins. But the newborn young are covered with 
hair, and some Indian elephants living in cold, 
mountainous regions appear to retain a certain 
amount of hair through life. The mammoth (which 
agreed with the Indian elephant in the number of 
ridges on its grinders and in other points) lived in 
quite cold, sub-Arctic conditions, at a time when 
glaciers completely covered Scandinavia and the 
north of our islands as well as most of Germany. It 
retained a complete coat of coarse hair throughout 
life. The young of our surviving elephants only 
exhibit transitorily the family tendency. 

The last mammoth probably disappeared from the 
area which is now Great Britain about 150,000 years 
ago. 

Elephants are “ Ungulates,” and classed by 
naturalists with the hoofed animals (the odd-toed 
tapirs, rhinoceroses, and horses, and the even-toed 
pigs, camel, cattle, and deer). But there is not 
much to say in defence of such an association. The 
elephants have, as a matter of fact, not got hoofs, 
and they have five toes on each foot. The five toes 
of the front foot have each a nail, whilst usually only 
four toes of the hind foot have nails. A speciality of 
the elephant is the great circular pad of thick skin 
overlying fat and fibrous tissue, which forms the sole 
of the foot and bears the animal’s enormous weight. 
This buffer-like development of the foot existed in 
some great extinct mammals (the Dinoceras family, of 
North America), but is altogether different from the 
support given by a horse’s hoof or the paired shoe- 
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like hoofs of great cattle or the three rather elegant 
hoofed toes of the rhinoceros. 

The Indian elephant likes good, solid ground to 
walk on, and when he finds himself in a boggy place 
will seize any large objects (preferably big branches 
of trees) and throw them under his feet to prevent 
himself sinking in. Occasionally he will remove the 
stranger who is riding on his back and make use of 
him in this way! The circumference of the African 
elephant’s fore-foot is found by hunters to be half 
the animal's height at the shoulder, and is regarded 
as furnishing a trustworthy indication of his stature. 

The legs of the elephant differ from those of 
more familiar large animals in the fact that the ankle 
and the wrist (the so-called knee of the horse’s fore¬ 
leg) are not far above the sole of the foot (resembling 
man's joints in this respect), whilst the true knee- 
joint (called “ the stifle ” in horses)—instead of being, 
as in horses, high up, close against the body strongly 
flexed even when at rest, and obscured by the skin 

is far below the body, free and obvious enough. 
In fact, the elephant keeps the thigh and the upper 
arm perpendicular and in line with the lower seg¬ 
ment of the limb when he is standing, so that the legs 
are pillar-like. But he bends the joints amply when 
in quick movement. 

Serious drought is frequent in Africa, and a cause 
of death to thousands of animals. African elephants, 
working in company* are known to have excavated 
holes in dried-up river beds to the depth of 25 feet 
m a single night in search of water. It is probable 
that the Indian elephant’s tusk would not be of service 
in such digging, and it is to be noted that he is rather 
an inhabitant of high ground and table-lands than 
of tropical plains liable to flood and to drought. The 
tusk of the Indian elephant has become merely a 
weapon of attack for the male, and there are even 
local breeds in which it is absent in the males as well 
as in the females. 
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The trunk of the elephant was called “ a hand ” by 
old writers, and it seems to have acted in the develop¬ 
ment of the elephant's intelligence in the same way 
as man’s hand has in regard to his mental growth, 
though in a less degree. The Indian elephant has a 
single tactile and grasping projection (sometimes 
called “a finger”) placed above between the two- 
nostrils at the end of the trunk; the African elephant 
has one above and one below. I have seen the 
elephant pick up with this wonderful trunk with 
equal facility a heavy man and then a threepenny 
piece. 

So far as one can judge, there is no wild animal, 
excepting the higher apes, which exhibits so much 
and such varied intelligence as the elephant. It 
appears that from early tertiary times (late Eocene) 
the ancestors of elephants have had large brains, 
whilst, when we go back so far as this, the ancestors 
of nearly all other animals had brains a quarter of 
the size (and even less in proportion to body-size) 
which their modern representatives have. Probably 
the early possession of a large brain at a geological 
period when brains were as a rule small is what has 
enabled the elephants not only to survive until 
to-day, but to spread over the whole world (except 
Australia), and to develop an immense variety and 
number of individuals throughout the tertiary series 
in spite of their ungainly size. It is only the yet 
bigger brain of man which (would it were not so !) is 
now at last driving this lovable giant, this vast 
compound of sagacity and strength, out of existence. 
The elephant—like man standing on his hind legs— 
has a wide survey of things around him owing to his 
height. He can take time to allow of cerebral inter¬ 
vention in his actions since he is so large that he has 
little cause to be afraid and to hurry. He has a fine 
and delicate exploring organ in his trunk, with its 
hand-like termination; with this he can, and does, 
experiment and builds up his individual knowledge 



ELEPHANTS 


99 


and experience. Elephants act together in the wild 
state, aiding one another to uproot trees too large 
for one to deal with alone. They readily understand 
and accept the guidance of man, and with very small 
persuasion and teaching execute very dextrous work 
—such as the piling of timber. If man had selected 
the more intelligent elephants for breeding over a 
space of a couple of thousand years a prodigy of 
animal intelligence would have resulted. But man 
has never “ bred ” the elephant at all. 

It is during the Tertiary period that the mammals— 
the warm-blooded, hairy quadrupeds, which suckle 
their young—developed (they had come into existence 
a good deal earlier), and we find the remains of 
ancestral forms of the living kinds of cattle, pigs, 
horses, rhinoceroses, tapirs, elephants, lions, wolves, 
bears, etc., embedded in the successive layers of 
Tertiary deposits. Naturally enough, those most 
like the present animals are found in late Pliocene, 
and those which are close to the common ancestors 
of many of the later kinds are found in the Eocene, 
whilst we also find, at various levels of the Tertiary 
deposit, remains of side-branches of the mammalian 
pedigree, which, though including very powerful 
and remarkable beasts, have left no line of descent 
to represent them at the present day. 

The recent horse, the recent elephant, the giraffe, 
the lions, bears, and others, are bigger—some much 
tagger than the ancestral forms, to which we can 
trace them by the wonderfully preserved and wonder¬ 
fully collected and worked-out fossilised bones 
discovered in the successive layers of the Pliocene, 
Miocene, and Eocene strata, leading us as we descend 
to more primitive, simplified, and smaller ancestors. 
. ^ 1S eas Y to understand the initial character of 

the foot of the early ancestral mammals. It had 
nve toes. By the suppression or atrophy of first 
tne innermost toe, then of the outermost, you find 
tnat mammals may first acquire four toes only, and 
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then only three, and by repeating the process the 
toes may be reduced to two, or right away to one, 
the original middle toe. There is no special difficulty 
about tracing back the elephants in so far as this 
matter is concerned, since they have kept (like man 
and some other mammals) the full typical complement 
of five toes on each foot. 

But I must explain a little more at length what was 
the “ typical dentition,"—that is to say, the exact 
number and form of the teeth in each half of the upper 
and the lower jaw of the early mammalian ancestor 
of lower Eocene times, or just before. The jaws were 
drawn out into a snout or muzzle, an elongated, pro¬ 
truding " face," as in a dog or deer or hedgehog, and 
there were numerous teeth set in a row along the 
gums of the upper and the lower jaw. The teeth were 
the same in number, in upper and in lower jaw, and so 
formed as to work together, those of the lower jaw 
shutting as a rule just a little in front of the correspond¬ 
ing teeth of the upper jaw. There were above and 
below, in front, six small chisel-like teeth, which 
we call “ the incisors.” At the corner of the mouth 
above and below on each side flanking these was a 
“ dog-tooth,” a little bigger than the incisors, and 
more pointed and projecting. These we call " the 
canines," four in all. Then we turn the corner of the 
mouth-front, as it were, and come to the “ grinders,” 
or molars. These are placed in a row along each 
half of upper and lower jaw. In our early mammalian 
ancestor they were seven in number, with broader 
crowns than the peg-like incisors and canines, the 
bright polished enamel of the crown being raised 
up into two, three or four cone-like prominences. 
The back grinders are broader and bigger than those 
nearer the dog-tooth. The three hindermost grinders 
in each half of each jaw are not replaced by “ second " 
teeth, whilst all the other teeth are. 

Now this typical set of teeth—consisting of twenty- 
eight grinders, four canines, and twelve incisors—is 
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not found complete in many mammals at the present 
day, though it is found more frequently as we go 
back to earlier strata. Though some mammals 
have kept close to the original number, they have 
developed peculiar shape and qualities in some of the 
teeth as well as changes in size. The common pig 
still keeps the typical number, but he has developed 
the comer teeth or canines into enormous tusks 


both in the upper and lower jaw, and the more anterior 
grinders have become quite minute. The cats (lions 
and tigers included) have kept the full number of 
incisors; they have developed the four canines into 
deadly stabbing “ fangs," and they have lost all the 
grinders but three in each half of the lower jaw and 
four in each half of the upper jaw (twelve instead of 
twenty-eight), and these have become sharp-edged 
so as to be scissor-like in their action, instead of 
crushmg or grinding. Man and the old-world monkeys 
have lost an incisor in each half of each jaw; they 
retain the canines, but have only five molars in each 
half of each jaw (twenty in all instead of twenty- 
eight). Most of the mammals—whatever change 
ot number and shape has befallen their teeth in 
adaptation to their different requirements as to the 
kind of food and mode of getting it—have retained 
a good long pair of jaws and a snout or muzzle con¬ 
sisting of nose, upper jaw, and lower jaw, projecting 
well in front of the eyes and brain-case. Man is 
remarkable as an exception. In the higher races 
o men the jaws are shorter than in the lower races 
and project but very little beyond the vertical plane 
of the eyes, whilst the nose projects beyond the lips 
Another exception is the elephant. The lower jaw 

i/J d jK part . of the u Pper jaw against which it and 
T L™ 1S . extraordinarily short and small. 
The eiephant has, in fact, no projecting bony jaw 

thanHhat b ° f ny Sn ^ t * lts chin does not project more 
an that of an old man, and even the part of the 

upper jaw into which its great tusks are set does not 




*6. Skeleton of the Indian elephant. 
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bend forward far from the perpendicular (Fig. 16). 
The elephant (Fig. 16) has no sign of the six front 
teeth (incisors) above and below, which we find 
in the typical dentition and in many living mammals, 
nor of the corner teeth (canines). In the upper jaw 
in front there is the one huge tusk on each side, and 
in the lower jaw no front teeth at all! In the elephant, 
the grinders are enormous, with many transverse 
ridges on the elongated crown, and so big that there 
is only room for one at a time in each half of upper 
and lower jaw. Six of these succeed one another in 
each half of each jaw, and correspond (though greatlv 
altered) to six of the seven grinders of the typical 
dentition. Are there amongst older fossil elephants 
and animals like elephants any which have an inter¬ 
mediate condition of the teeth, connecting the 
extremely peculiar teeth of the modern elephants 
with the typical dentition such as is approached by 
tne pig the dog, the tapir, and the hedgehog? There 
are such links. We know a great many elephants 
from Pleistocene and Pliocene strata—some from 
European localities, more from India, and some from 
America. A little elephant not more than 3 feet 
high when adult is found fossil in the island of Malta • 
other species were a little larger than the living 
African elephant. Whilst the Indian elephant has 
as many as twenty-four cross-ridges (Fig. 15) on its 
biggest grinding tooth there is a fossil kind which 
Las only six such ridges. But besides true elephants 
we know from the Pliocene, Miocene, and Upper 
ocene of the old world, the remains of elephant- 
hkc creatures (some as big as true elephants), which 
are distinguished by the name “ Mastodon ” (Fig. 17). 
And, in fact we are conducted through a series of 
c anges of form by ancient elephant-like creatures 
nch are of older and older date as we pass along the 

dnn eS V^ n D a r kn0Wn as (r) Mastod °n. (2) Tetrabelo- 
rZ; T Palae P™ astod °n, (4) Meritherium, until we 
come to something approaching the general form of 
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skull and skeleton and the typical dentition of the 
early mammalian ancestor. Mastodons of several 
species are found in Pliocene strata in Europe and 
Asia; detached teeth are found in Suffolk. One 
species actually survived in North America into the 
early human period. The Mastodons had a longer 
jaw and face than the elephants, though closely 
allied to them. They bring one nearer to ordinary 
mammals in that fact, and also in having (when 
young) two front teeth or incisors in the lower jaw. 
Their grinders had the crowns less elongated than 



Fig. i 7. —A reconstruction of the extinct American mastodon 
(Mastodon ohioticus) from a drawing by Prof. Osborn. 
Other extinct species of mastodon are found in Europe. 

those of the elephants, and there were four cross-ridges 
(Fig. 15)—sometimes five—and these ridges tended 
to divide into separate cones. So here, too, we are 
approaching the ordinary mammals, of which we may 
keep the pig and the tapir in mind as samples. But 
the Mastodons still had the great trunk and huge 
tusks of the elephants. 

Next we must look at Tetrabelodon (Fig. 18), and 
it is this creature which has really revealed the history 
of the strange metamorphosis by which elephants were 
produced. The Tetrabelodon is known as " the 
long-jawed mastodon,” because, as was shown in a 
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skeleton from the lower Pliocene of the centre of 
France, it had a lower jaw of enormous length, 
ending in two large horizontally directed teeth (Fig. 18). 
Instead of a lower jaw a foot long, as in an elephant 
or in the common kind of mastodon, this long-jawed 
kind had a lower jaw 5 feet or 6 feet long ! The tusks 




Fig. 18. A. Skull, and B. restored outline of the head of the 
long-jawed extinct elephant called Tetrabelodon-the 
name referring to its four large tusks—two above and two 

of the upper jaw were large, and nearly horizontal 
bent downwards a little on each side of the long lower 

? 1S ? Wer J aw se emed incomprehensible, 
to a monstroaty, until it occurred to me that it 
exactly correspQnds to the elongated upper lip and 

thf tmSk of W “ T? ft ancf that 

tne trunk of Tetrabelodon must have rested on 
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his Jong lower jaw. In descending to Tetrabelodon 
we leave behind us the elephants with hanging 
unsupported trunk; the lower jaw here is of sufficient 
length to support the great trunk. When the lower 
jaw shortened in the later mastodons and elephants 
the trunk did not shorten too, but remained free 
and depending, capable of large movement and of 
grasping with its extremity. 

Lastly we have the wonderful series of discoveries 
made between 1901 and 1904 by Dr. Andrews (of the 
Natural History Museum) of elephant-like creatures in 



Fig. 19.—Head of the ancestral elephant—Palaeomastodon— 
as it appeared in life. It shows, as compared with the 
earlier ancestor, an elongation both of the snout and the 
lower jaw. 

the upper Eocene of the Fayoum Desert of Egypt. 
Palaeomastodon 1 is a “ pig-like ” mastodon, with an 
elongated, bony face, the tusks of moderate size, 
and the lower jaw not projecting more than a few 
inches beyond them, so that the proboscis is quite 
short and rests well on it (Fig. 19). This animal had 

1 The first, largest, and type-specimen of the Palaeomas- 
todons was discoveredby Mr. Hugh Beadnell, F.G.S., hence its 
name Palceomaslodon beadnelli. The osteological examination 
of the bones and classification of the animal was subsequently 
carried out by Dr. Andrews.—C. M. B. 
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six moderate-sized grinders on eacii side of each 
jaw in position simultaneously, as may be seen in 
the complete skull shown in Fig. 20. Of other teeth 
it had only the two moderate-sized front tusks above 

and two very big, chisel-like “ incisors ” in the front 
of the lower jaw. 

The remains, which finally bring the elephants into 
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incisors in front. b ° rs and the lar g e chisel-like lower 


were'd^scovered'b^D^Andr!* 5 d / nti,ion ’ 

therium » 1? y . r \ Andrews and named “ Meri- 

Meris ” tv.^ lm ’ S1 £ m fy* n § “ the beast of the Lake 

hadlhe shape C of^ipad fa T, *«“.«*“ a tapir, and 
'inH P head and face which we see in that 

no t^“i2 a i h sf^ a d nimalS (Fi «- ^ it had 

mastodon-like grinders in^ach*, a ' ld , ,m P ilfled 
had six incisors in th a , m half of each jaw, it 

on each side Tn e u PP er . jaw and a canine tooth 
n S,de - In the lower jaw there were only two 
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large incisors besides the grinders. Not the least 
interesting point about Meritherium is that it tells 
us which of the front upper teeth have become the 
huge tusks of the later elephants. Counting from the 
middle line there are in Meritherium three incisors 
right and three left. The second of these upper 
teeth on each side is much larger than the others. 
It is this (Fig. 21) which has grown larger and larger 
in later descendants of this primitive form and become 



Fig. 21. —Head of the early ancestor of elephants—Meri¬ 
therium—as it appeared in life. Observe the absence of a 
trunk and the enlarged front tooth in the upper jaw, which 
is converted in later members of the elephant-stock or line 
of descent into the great tusk. (After a drawing by Prof. 
Osborn.) 

the elephant’s tusk, whilst all the others have dis¬ 
appeared. 

We now know the complete series of steps connecting 
elephants with ordinary trunkless, tuskless mammals. 
The transition from the “ beast of Meris " on the one 
hand to the common typidentate mammalian ancestor, . 
and on the other hand to the elephants, is easy. 
His short muzzle first elongated step by step to a 
considerable length, giving us Palaeomastodon (Fig. 19). 
Then the lower jaw shrank and became shorter, 
and the front part of the upper jaw, carrying with it 
the nostrils, drooped and became the mobile muscular 
elephant’s trunk ! 



CHAPTER XIII 

WHALES AND THEIR THREATENED EXTINCTION 

fn°fL 0 flfh haVe , neVer , seen 1 whale ' "ther alive or 
in the flesh—only a skeleton. I have seen a live 

whale or two off the coast of Norway; and I once 
“ con | u " ctlon with my friend Moseley, when we 

whlrH St h d f n k S at Oxford ’ cut U P one, 18 ft. lone 

thl ? had been exhlblted for three weeks during 
the summer in a tent on the shores of the Bristol 

SaTwtale is r nnw e - pur ' hased Th e skeleton of 
* at ale 1S n ow in the museum at Oxford but 

The P S e Mr 'cZf \ ***** 0n,y in my memory. 
illutfr^HK V d ’ L who Produced such beautifully 

W*-. t0 ‘ d ™ that he once fell 

cutting UD Hp n ulPsized whale, which he was 

blood 8 Thp ? arrowI y escaped drowning in the 
Wood The whale was not very fresh and Mr 

Could was unapproachable for a week r 

the^vo^^nJ^'K 00 ^' 1 creatures which suckle 
times y from land in past geological 

sks jsSI ssx 

les/red Sr, If 1S - rem , ai *able that a little four- 

in character between^ h n s P an ' e '’ an h intermediate 

common ancestor ?ro m hed v h K g r nd a dog ' was the 
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such widely different creatures as the whale and the 
bat, the elephant and the man. We can at the present 
day trace with some certainty the gradual modifica¬ 
tions of form by which in the course of many millions 
of years the change from the primitive, dog-like 
hedgehog to each of those four living " types ” has 
proceeded. 

The whales of to-day are divided into the toothed 
whales and the whalebone whales. The great cachalot 
or sperm whale is captured, chiefly in the Southern 
Ocean, and killed in large numbers for the sake of 
the “ spermaceti,” or ” sperm oil,” which forms the 
great mass of its head, but he is so fierce and active 
that he is not easily captured, and is not in immediate 
danger of extinction. Except the bottle-nosed whale, 
the smaller toothed whales, the killers, dolphins, and 
porpoises are not as yet seriously threatened by 
man. But the whalebone whales, chief of which are 
the right whales, are in a parlous state. They are 
huge creatures, 60 ft. in length, with an enormous 
head : it is as much as one-third of the total length 
in the Greenland whale. Besides the Greenland 
species there are four other “ right whales,” which 
may be considered as four varieties of one species. 
The head is not quite so large in them. The Biscay 
whale is one of them, and was hunted until it was 
exterminated in the Bay of Biscay, when the whalers, 
extending their operations further and further north, 
came upon the Greenland whale, which proved to 
be even more valuable than the Biscay species. 
The huge mouth in these two whales has hanging from 
its sides within the lips a series of long bars or planks 
of wonderfully strong, elastic, horny substance— 
the “ baleen ” or “ whalebone ”—each plank being 
as much as eight or in rare cases twelve feet long. 
Following close on one another and having hairy 
edges they act as strainers so as to separate the 
floating food of the whale from the water which 
rushes through its mouth as it swims. The whalebone 
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is of great value commercially, as is also the fat or 
oil. A hundred years ago whalebone fetched only 
£25 a ton, now the same quantity fetches more than 
£1,500. The Rorquals, or tinners,’' have smaller 
heads and mouths; their whalebone is so short as 
to be valueless, but they grow to even greater size 
toan the right whales and are found on our own 
coasts and all over the world. The hump-back whale 
is one of these “ finners,” distinguished by its 
excessively long flippers and huge bulk. 

The capture of the Greenland whale began in 1612, 
and in 200 years the unceasing pursuit of this species 
had driven it to the remote places of the Arctic 
ucean. It is now so rare that it is not worth while to 
send a ship out for the purpose of hunting it, and it 
probably never recover its numbers® An idea 
ot its value and former abundance may be formed 
from the fact that between 1669 and 1778 it yielded 

whichThe 0 ^? VeSS !l S a ! 3 ° Ut 57,000 individ uals, of 
hich the baleen and oil produced a money value 

of four million pounds sterling. Of late years a 

single large Greenland whale would bring £900 for 

nVhf h k b i 0ne , and & 00 for its oiL These two great 
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yielded 300,000 whales to 20,000 voyages, and a 
value of sixty million pounds sterling in baleen and 
oil. Man's skill and capacity have now become such 
that he will soon have cleared the ocean of these 
wonderful creatures. 

The whales, as compared with their dog-like 
ancestors, are modified to a more extreme degree and 
in more special ways than is the case in any other 
group of which we can trace the history over a similar 
period of development. This is connected with the 
complete change of conditions of life to which these 
mammals ('' warm-blooded, air-breathing quadrupeds 
which suckle their young ”) have become adapted 
in passing from a terrestrial to a marine existence. 
Other mammalian ancestors have independently taken 
to a marine life and given rise to strange-looking 
adaptations, namely, the seals and also the manatee 
and dugong known as the Sirenians (so called because 
they give rise to sailors’ stories of mermaids and 
sirens), but these are far less changed than the whales. 
The whales have acquired a completely fishlike form. 
They frequently have a large back fin, and have lost 
the hind legs altogether. The horizontally spread 
flukes of the whale’s tail have nothing to do with the 
hind legs, whereas the common seal’s hind legs are 
tied together so as to form a sort of tail. In the 
bigger whales, sunk deep in the muscle and blubber, 
we find on each side well forward in the body a pair 
of isolated, unattached bony pieces, which are the 
hip-bone and thigh-bone—all that remain of the 
hind limbs. The neck is so short that in many whales 
the seven neck-bones, or “ vertebrae,” are all fused 
into one solid piece not longer than a single ordinary 
vertebra, and showing six grooves marking off the 
seven vertebrae which have united into one. 

The head is more strangely altered than any other 
part of the whale. The jaws are greatly elongated— 
so as to give a beak-like form in all—but this region 
is specially long and narrow in the ” beaked whales ’ 
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(Ztphius) in which it consists of a solid piece of ivory¬ 
like bone, which we find in a fossil state in the bone- 
bed of the Suffolk Crag. Farther back the bones of 
the face are suddenly widened in all whales and 
porpoises, and in many these bones grow up into 
enormous crests and ridges. The nostrils, instead 
of being placed, as in other animals, at the free end 
of the snout or beak, lie far back, so as to form the 
blow-hole,” which is near the middle of the head. 
The circulation of the blood and the breathing of 
whales (including the dolphins and porpoises) is 
still a matter not properly understood. When a 
Greenland whale is struck by the harpoon it dives 
vertically downward to a depth of nearly half a 
mile, and occasionally wounds its snout by striking 
it on the sea-bottom. It remains below as long as 
forty minutes. Physiologists wish to know how the 
sudden compression of the air in the lungs in plunging 
to this depth and the equally sudden expansion of it 
in rising from such a depth is dealt with in the whale’s 

y ’ i?-°t ^ t0 P rev ent the absolutely deadly 

air br^th V - hlCh W0U , d ensue were any ordinary 
oretni h fr anUnal sub i ected to such changes of 
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illness and death of workmen has frequently resulted 
from this cause. Accordingly, the men who work in 
such “ compressed atmospheres ” are now made to 
pass slowly through a series of three chambers, in 
each of which the pressure is diminished and brought 
nearer to that of the normal atmosphere. By spending 
twenty minutes in each chamber successively, the 
workman is gradually brought to the pressure of the 
outer world, and his blood prevented from “ efferves¬ 
cing." But what must be the condition of the gases 
in the blood of a whale which suddenly rises from 
400 fathoms to the surface ? 

Whales, and also seals, are provided with remarkable 
special networks of blood-vessels in various parts 
of the body (" retia mirabilia "). It has been suggested 
that these networks of blood-vessels are related 
both to the power of keeping long (forty minutes !) 
under water without breathing, and also to the freedom 
of these marine monsters from the deadly effects 
of rapid passage from great to little gas-pressure. 

The toothed whales are nearer to the ancestral 
primitive whales than are the whalebone whales. 
The latter are the more peculiar and specialised 
with their huge heads and mouths and their palisades 
of 350 w'halebone planks on each side of the mouth. 
Whilst whalebone has been largely superseded by 
light steel in the making of umbrellas and corsets, 
its value increases, on account of its being the only 
material for making certain kinds of large brushes 
used in cleaning machinery. The whalebone whales 
have, when first born, very minute teeth hidden in 
their jaws; they disappear. Some of the toothed 
whales have teeth only in the low^er jaw (the cachalot), 
others (the beaked whales), have only one pair or 
two pairs of teeth, tusk-like, and placed in the low’er 
jaw. Others (dolphins and porpoises) have very 
numerous peg-like teeth in each jaw. Some of them 
feed on fish, pursuing the shoals in schools. 

A truly terrible toothed w'hale is the large porpoise 
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called the killer (Orca gladiator). He is the wolf of 
the sea, far more active and formidable than any 
shark, about 10 ft. long, and strangely marked in 
black, white, and yellow. He has jaws bigger than 
those of the largest crocodile, and a tremendous 
array of fang-like teeth. These killers hunt the 
whalebone whales in parties of three to twelve. 
They hang on to the lips of their enormous " quarry," 
and once they get a hold, in twenty minutes tear 
it into pieces. Often they satisfy themselves with 
tearing out and devouring the gigantic tongue of their 
victim, leaving the carcase untouched. 

The narwhal and the white whale, or Beluga, which 
furnishes “ porpoise-hide " for boots and laces, are 
b( J™ cau ght in northern seas, and form a closely 
allied pair, similar to one another in shape and 
colour (the one white, the other grey), and of moderate 
size, about 12 ft. long. They both feed on cuttle¬ 
fish and minute shrimps, but the Beluga has many 
teeth and the narwhal (with the exception of some 
rudimentary ones) only a single pair, and these in 
the tront of the upper jaw. In the female narwhal 
the pair of teeth remain concealed in the jaw-bone 
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is the reflection, as in a mirror, of the other. Why the 
narwhal’s tooth does not conform to this rule is a 
mystery. 

It is a remarkable fact that only a few whales and 
porpoises eat fish or the flesh of other whales. The 
large-toothed whales, including the cachalot or sperm 
whale, and also the beaked whales, live upon cuttle¬ 
fish. Many new kinds of cuttle-fish have been dis¬ 
covered by examining the contents of the stomach 
of captured whales. The sperm whale feeds on 
monster squid such as we rarely see alive or washed 
up on the shore. The hide of these cuttle-fish-eating 
whales and porpoises is scratched and scarred by the 
hooks attached to the suckers on the arms of the great 
cuttle-fish, and a test of the genuine character of 
ambergris which forms as a concretion in the intestine 
of the sperm-whale is that it contains fragments of ^ 
the horny beaks and hooks of the cuttle-fish digested 
by the whale. The food of the whalebone whales 
consists of minute Crustacea and of the little molluscs 
known as Clio borealis, which float by millions in 
the Arctic Ocean. The whalebone whales, after 
letting their huge mouths fill with the sea-water in 
which these creatures are floating, squeeze it out 
through the strainer formed by the whalebone 
palisade on each side—by raising the tongue and floor 
of the mouth. The water passes out through the 
strainer, and the nourishing morsels remain. 

Some fossil jaws and skulls of whales from miocene 
and older tertiary strata tend to connect the toothed 
whales with those mammals not modified for marine 
life. But the approach in that direction does not go 
very far. The extinct whales called Squalodon have 
tusk-like front teeth and molars which have the 
outline of a leaf with a coarsely “ serrated ” edge. 

The bones of the face are also, in them, more like 
those of an ordinary mammal than is the case with 
modem toothed whales. The snout is not so long, 
and the bones which form it are a little more like 
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those of a fox’s snout than are those of the dolphin’s 
“ beak.” But on the whole it is astonishing how 
little we know of fossil whales. We have yet to discover 
ancestral forms possessing small hind legs, but whale- 
like in other features. Some day a lucky “ fossil- 
hunter ” will come upon the remains of a series of 
whale-ancestors probably of Eocene age, and we shall 
know the steps by which a quadruped was changed 
into a cetacean—just as we have recently learned the 
history of the development of elephants. 



CHAPTER XIV 


THE EFFACEMENT OF NATURE BY MAN 

Very few people have any idea of the extent to 
which man since his upgrowth in the late Tertiary 
period of the geologists—perhaps a million years 
ago—has actively modified the face of Nature, 
the vast herds of animals he has destroyed, the forests 
he has burnt up, the deserts he has produced, and 
the rivers he has polluted. It is, no doubt, true that 
changes in climate and in the connections of islands 
and continents across great seas and oceans have gone 
on, and are going on, and in consequence endless 
kinds of animals and plants have been, some extin¬ 
guished, some forced to migrate to new areas, many 
slowly modified in shape, si2e, and character, and 
abundantly produced. But over and above these 
slow, irresistible changes there has been a vast 
destruction and defacement of the living world by 
the uncalculating, reckless procedure of both savage 
and civilised man which is little short of appalling, 
and is all the more ghastly in that the results have 
been very rapidly brought about, that no compensa¬ 
tory production of new life, except that of man 
himself and his distorted “ breeds ” of domesticated 
animals, has accompanied the destruction of formerly 
flourishing creatures, and that, so far as we can see, 
if man continues to act in the reckless way which 
has characterised his behaviour hitherto, he will 
multiply to such an enormous extent that only a few 
kinds of animals and plants which serve him for food 
and fuel will be left on the face of the globe. It is not 
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improbable that even these will eventually disappear, 
and man will be indeed monarch of all he surveys. He 
will have converted the gracious earth, once teeming 
with innumerable, incomparably beautiful varieties 
of life, into a vast agricultural domain abandoned 
to the production of food-stuffs for the hungry 
millions which, like maggots consuming a carcase, 
or the irrepressible swarms of the locust, incessantly 
devour and multiply. 

Another glacial period or an overwhelming catas¬ 
trophe of cosmic origin may fortunately, at some 
distant epoch, check the blind process of destruction 
of natural things and the insane pullulation of 
humanity. But there are, it seems probable, many 
centuries of what would seem to the men of to-day 
deplorable ugliness and cramping pressure in store 
for posterity unless an unforeseen awakening of the 
human race to the inevitable results of its present 
recklessness should occur. Whatever may be the 
ultimate fate of the earth under man’s operations, 
we should endeavour at this moment to delay, as 

lar as possible, the hateful consummation looming 
ahead of us. b 


Even in prehistoric times it is probable that man, 
by hunting the mammoth—the great hairy elephant— 
listed m its extinction. At a remote prehistoric 
period the horses of various kinds which abounded 
m North and South America rapidly and suddenly 
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He similarly destroyed the bison, first in Europe and 
then (in our own days) in North America. A few 
hundred, carefully guarded, are all that remain in 
the two continents. He has very nearly made an 
end of the elk in Europe, and will soon do so completely 
in America. The wolf and the beaver were destroyed 
in the British Islands about 400 years ago. They 
are rapidly disappearing from France, and will 
soon be exterminated in Scandinavia, Russia, and 
Canada. At a remote prehistoric period the bear 
was exterminated by man in Britain and the lion 
driven from the whole of Europe, except Macedonia, 
where it still flourished in the days of the ancient 
Greeks. It was common in Asia Minor a few centuries 
ago. The giraffe and the elephant 1 have departed 
from South Africa before the encroachments of 
civilised man. The day is not distant when they will 
cease to exist in the wild state in any part of Africa, 
and with them are vanishing many splendid antelopes. 
Even our “ nearest and dearest " relatives in the 
animal world, the gorilla, the chimpanzee, and the 
ourang, are doomed. Now that man has learnt to 
defy malaria and other fevers, the tropical forest 
will be occupied by the greedy civilised horde of 
humanity, and there will be no room for the most 
interesting and wonderful of all animals, the man-like 
apes, unless (as we may hope in their case, at any rate) 
such living monuments of human history are made 
sacred and treated with greater care than are our 
ancient monuments in stone. Smaller creatures, 
birds like the dodo and the great auk and a whole 
troop of others less familiar, have disappeared and 
are disappearing under the human blight. Even 
some beautiful insects—the great copper butterfly 
and the swallow-tail butterfly—have been extermin¬ 
ated in England by human “ progress ” in the shape 
of the drainage of the Fen country. 

1 With the exception of the wild herd in the south of Cape 
Colony.—C. M. B. 
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But the most repulsive of the destructive results 
of human expansion is the poisoning of rivers, and 
the consequent extinction in them of fish and of 
well-nigh every living thing, save mould and putre¬ 
factive bacteria. In the Thames it will soon be a 
hundred years since man, by his filthy proceedings, 
banished the glorious salmon, and murdered the 
innocents of the eel-fare. In the mining and manu¬ 
facturing districts of England, progressive, money¬ 
making man has converted the most beautiful things 
of nature trout-streams—into absolutely dead cor¬ 
rosive chemical sewers. The sight of one of these 
death-stricken black filth-gutters makes one shudder 
as the picture rises, in one’s mind, of a world in which 
f rivers and the waters of the sea-shore will 
dedicated to acrid sterility, and the meadows 
and hillsides drenched with nauseating chemical 
manures. It is not “ science " that will be to blame 
or these horrors, but the reckless greed and the 
insect-like increase of humanity. 


In the destruction of trees and all kinds of plants 
man has done more mischief than in the extermination 
ammals. He has abolished the strange and 
remarkable trees and shrubs of islands—such as 
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Chinamen to dig and ship the 15,000,000 tons of 
valuable “ phosphate ” (at a profit of a guinea a 
ton), which forms a large part of its surface. Already 
a remarkable shrew-mouse and two native species 
of rat, peculiar to the island, have disappeared. Dr. 
Andrews, who has twice explored the island, gives 
evidence that this is due to a trypanosome like that 
which causes sleeping-sickness introduced by the 
common black rats from the ships which now frequent 
the island. 

It is, however, in cutting down and burning forests 
of large trees that man has done the most harm to 
himself and the other living occupants of many 
regions of the earth’s surface. We can trace these 
evil results from more recent examples back into 
the remote past. The water supply of the town of 
Plymouth was assured by Drake, who brought 
water in a channel from Dartmoor. But the cutting 
down of the trees has now rendered the great wet 
sponge of the Dartmoor region, from which the water 
was drawn all the year, no longer a sponge. It no 
longer “ holds " the water of the rainfall, but in 
consequence of the removal of the forest and the 
digging of ditches the water quickly runs off the 
moor, and consequently the whole countryside suffers 
from drought. This sort of thing has occurred 
wherever man has been sufficiently civilised and 
enterprising to commit the folly of destroying forests. 
Forests have an immense effect on climate, causing 
humidity of both the air and the soil, and give rise 
to moderate and persistent instead of torrential 
streams. Spain has been irretrievably injured by 
the cutting down of her forests in the course of a few 
hundred years. The same thing is going on, to a 
disastrous extent, in parts of the United States. Whole 
provinces of the Thibetan borders of China, where 
centuries ago were fertile and well-watered pastures 
supporting rich cities, have been converted into 
uninhabitable, sandy desert, in consequence of the 
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reckless destruction of forest. In fact, whether it is 
due to man’s improvident action or to natural climatic 
change, it appears that the formation of “ desert ” 
is due in the first place to the destruction of forest, 
the consequent formation of a barren, sandy area, and 
the subsequent spreading of what we may call the 
“ desert ulcer,” by the blowing of the fatally exposed 
sand and the gradual extension, owing to the action 
of the sand itself, of the area of destroyed vegetation. 
Sand-deserts are not, as used to be supposed, sea- 
bottoms from which the water has retreated, but 
areas of destruction of vegetation—often both in 
Central Asia and in North Africa, started by the 
deliberate destruction of forest by man, who has either 
by artificial drainage starved the forest, or by the 
simple use of the axe and fire cleared it away. 

The great art of irrigation was studied and used 
with splendid success by the ancient nations of the 
near East. They converted deserts into gardens, 
and their work was an act of compensation and restitu¬ 
tion to be set off against the destructive operations 
of more barbarous men. But they, too, long ago 
were themselves destroyed by conquering hordes of 
more ignorant but more war-like men, and their 
irrigation works and the whole art of irrigation 
perished with them. One of the absolutely necessary 
works to be carried out by civilised man, when he 
has ceased to build engines of war and destruction, 
is the irrigation of the great waterless territories of 
the globe. A little home-work of the kind has been 
carried on in Italy regularly year by year since the 
days of Leonardo da Vinci, and our Indian Govern¬ 
ment is slowly copying the Italian example. In 
Egypt .we have built the great dam of Assouan, 
whilst in Mesopotamia it is proposed to re-establish 
the irrigation system by which it once was made rich 
and fertile. But the vast possibilities of irrigation 
have not yet been realised by the business men of 
the modem world. Millions of acres in the wanner 
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regions of the earth now unproductive can be made 
to yield food to mankind and rich pecuniary profits 
to the capitalists who shall introduce modern engineer¬ 
ing methods and a scientific system of irrigation 
into those areas. 

The whole problem of the increase of the more 
civilised races and the necessary accompanying 
increase of food-production depends for its solution 
on the speedy introduction of irrigation methods 
into what are now the great unproductive deserts 
of the world. 



CHAPTER XV 


MISCONCEPTIONS ABOUT SCIENCE 

Glib writers in various journals regularly pour 
forth their lamentations concerning tlie incapacity 
of "science” and the disappointment which they 
experience in finding that it does not do what it 
never professed to do. They deplore that those 
engaged in the making of that new knowledge of 
nature which we call “ science ” do not discover 
things which they never set out to discover or thought 
it possible to discover, although the glib gentlemen 
who write, with a false assumption of knowledge, 
pretend that these things are what the investigations 
sclen ^^ c inquirers are intended to ascertain. 
\\e read articles upon "What Scientists do not 
know and " The Bankruptcy of Science," in which 
it is pretended that the purpose of science is to solve 
the mystery, or, as it has been called, the “ riddle," 
of the universe, and it is pointed out, with something 
ike malicious satisfaction that we are no nearer a 
solution of that mystery than men were in the days of 
Aristotle : and it is added that false hopes have 
been raised, and that matters which were once 
considered settled have again passed into the melting- 

This kind of lamentation is not only “ twaddle," 
u ,! s in jurious misrepresentation, dangerous to the 
public welfare. The whole order of nature, including 
iving and lifeless matter—from man to gas—is a 

ne work of mechanism, the main features and many 
details of which have been made more or less obvious 
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to the wondering intelligence of mankind by the 
labour and ingenuity of scientific investigators. But 
no sane man has ever pretended, since science be¬ 
came a definite body of doctrine, that we know 
or ever can hope to know or conceive of the possi¬ 
bility of knowing, whence this mechanism has come, 
why it is there, whither it is going, and what there 
may or may not be beyond and beside it which 
our senses are incapable of appreciating. These 
things are not “ explained ” by science and never 
can be. 

When, however, having created in their readers 
minds an unreasonable sense of failure and a mistrust 
of science, such writers go on to make use of the 
want of confidence thus produced, in order to throw 
doubt upon the real conquests of science, it becomes 
necessary to say more. The public is told by these 
false witnesses that science has dogmas, and that 
men of science are less satisfied than they were with 
the " dogmas " of the last century. Science has no 
dogmas; all its conclusions are open to revision by 
experiment and demonstration, and are continually 
so revised. But science takes no heed of empty 
assertion unaccompanied by evidence which can be 
weighed and measured. “ Nullius in verba is the 

motto of the Royal Society. 

It is especially in the area of biology the know¬ 
ledge of living things—that the enemies of science 
make their most audacious attempts to discredit 
w'ell-ascertained facts and conclusions. I hey tell 
their readers that those greater problems of the 
science (as they erroneously term them), such as the 
nature of variation, the laws of heredity, the nature 
of growth and reproduction, the peculiarities oi sex, 
the characteristics of habits, instinct, and intelligence, 
and the meaning of life itself, have advanced very 
little beyond the standpoint of Aristotle. I his 
statement is vague and indefinite; the conclusion 
suggests is absolutely untrue. Aristotle knew next 
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to nothing about the mechanism of the processes in 
living things above cited. At the present day we 
know an enormous amount about it in detail. But 
when men of science are told that they do ^not 
know the “nature" of this and the “meaning” of 
that, they frankly admit that they do not know 
the real “ nature ” (for the expression is capable 
of endless variety of significance) of anything nor 
the real “ meaning ” not only of life, but of the 
existence of the universe, and they say, moreover, 
that they have no expectation of knowing the 
ultimate “ nature ” or “ meaning" of any such 
things. 

I recently read an essay in which the writer says 
that, owing to the work of Darwin, the fact that the 
differences which we see between organisms have 
been reached by a gradual evolution, is not now 
disputed. But he went on to declare that when we 
inquire by what method this evolution was brought 
about biologists can return no answer. That appears 
to me to be a most extraordinary perversion of the 
truth. The reason why the gradual evolution of 
the various kinds of organisms is not now disputed 
is that Darwin showed the method by which that 
evolution can and must be brought about. So far 
from “ returning no answer," Darwin and succeeding 
generations of biologists do return a very full answer 
to the question, “ By what method has organic 
evolution been brought about ? " Our misleading 
writer proceeds as follows : “ The Darwinian theory 
of natural selection acting on minute differences is 
generally considered nowadays to be inadequate, 
but no alternative theory has taken its place." This 
is an entirely erroneous statement. Though Darwin 
held that natural selection acted most widely and 
largely on minute differences, he did not suppose 
that its operation was confined to them, and he 
considered and gave importance to a number of other 
characteristics of organisms which have an important 
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part in the process of organic evolution. The assertion 
that the theory of natural selection as left by Darwin 
“ is now generally held to be inadequate ” is fallacious. 
Darwin’s conclusions on this matter are generally 
held to be essentially true. It is obvious that his 
argument is capable of further elaboration and 
development by additional knowledge, and always 
was regarded as being so by its author and by 
every other competent person. But that is a very 
different thing from holding Darwin’s theory of 
natural selection to be “ inadequate.” It is 
adequate, because it furnishes the foundation on 
which we build, and it is so solid, complete, and far- 
reaching that what has been added since Darwin’s 
death is very small by comparison with his original 
structure. 

We are told by the writer already quoted that at 
the present time discussion is chiefly concentrated 
on the question as to whether life is dependent only 
on the physical and chemical properties of the living 
substance, protoplasm, or whether there is at work an 
independent vital principle which sharply separates 
living from non-living matter! And the obvious 
and common-place conclusion is announced that 
“ the ultimate problems of biology are as inscrutable 
as of old.” All ultimate problems are, I admit, 
inscrutable. It is, on the other hand, the business, 
and has been the glory and triumph, of science, to 
examine and solve problems which are scrutable ! 
It is certainly not the case that, at the present time, 
discussion is concentrated on the question of the 
existence of a vital principle. There is absolutely 
no discussion in progress on the subject. No one 
even knows or attempts to state what is meant by 
“ a vital principle.” It is a phrase which belongs to 
"the dead past,” when men of science had not 
discovered that you get no nearer to understanding 
a difficult subject by inventing a name to cover your 
ignorance. The word " vitality was used as some 
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misconceptions about science 

writers are now using the term “ vital principle. 
Huxley attacked the views of Dr. Lionel Beale, who 
called in the aid of a mystical " principle, which he 
named “ vitality,” in order to ” account for some 
of the remarkable properties of protoplasm. As Hux¬ 
ley pointed out, this supposed principle ” accounted 
for” nothing, since it was merely a name for the 
phenomena for which it was supposed to account. 
Huxley pointed out that many chemical compounds 
have remarkable properties—as assuredly have the 
chemical compounds which are present in protoplasm 
.—but men of science have not found it to help them 
in investigating the mechanism of those properties 
to ascribe them to mystical intangible ” principles 
differing from the agencies at work in other less 
exceptional substances. 

Thus, for instance, water, though a very common 
and abundant chemical compound formed by the 
union of two chemical elements, hydrogen and 
oxygen, which, at the temperature and pressure of the 
earth’s surface, are gaseous, offers many strange 
properties to our consideration not shared by other 
compounds of gaseous elements. For instance, 
hydrogen, when it combines with gaseous elements 
other than oxygen, does not form a compound which 
is liquid at the temperature and pressure of the earth’s 
surface. Its combinations with nitrogen, with 
chlorine, with fluorine, and even some with the solid 
clement carbon, are under those conditions gaseous. 
What a special character, therefore, has water! 
Moreover, water, though a liquid, yet behaves in a 
most peculiar way when either cooled below ordinary 
temperatures or heated above them. It becomes 
solid when cooled, but expands at the same time, so 
that it is less dense when solid than when liquid—a 
most unusual proceeding ! And when heated it is 
converted into vapour, but with a loss or “ making 
latent ” of heat, which, like its behaviour when 
solidifying, indicates that water is endowed with a 
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very peculiar structure or mechanism in.the putting 
together of its molecules. We might call these 
combined peculiarities of water " aquosity,” and as 
we certainly cannot say why water should possess 
them, whilst other compounds of either hydrogen or 
of oxygen, or, in fact, of any other elements, do not 
possess this combination, we might say that their 
presence is due to “ the aqueous principle," or 
" aquosity,” which enters into water when it is 
formed, but does not exist in other natural bodies, 
and, indeed, “ sharply separates aqueous from non- 
aqueous matter." 

Happily, no one is deluded at the present day into 
the belief that by calling the remarkable properties 
of water " aquosity ” you have added anything to our 
knowledge of them. Yet those who invoke “ a 
vital principle ” or “ vitality ” in connection with 
protoplasm should, if they were consistent, apply 
their method to the mystery of water. Let us see 
how it would run. Though we may (the “ vitalists ” 
or " aquosists " would say) experiment with water, 
determine exactly the temperature and pressure at 
which these remarkable phenomena are exhibited, 
though we may determine its surface tension and its 
crystalline form, and even though we may weigh 
exactly the proportion of hydrogen to oxygen in its 
composition, yet when we look at a drop of water, 
there it is, a wonder of wonders, endowed with 
“ aquosity," the ultimate nature of which is as 
inscrutable now as it was to Aristotle ! It is perfectly 
true (we concede to the “ aquosists ”) that the 
properties of water are not accounted for by science; 
that is to say that, though we can imagine the molecu¬ 
lar and atomic mechanism necessary for their 
exhibition, we cannot offer any suggestion as to how 
it is that that particular mechanism is present in the 
chemical compound which the chemist denotes as 
H 2 0 , and is not present in other compounds, still 
less can we say “ why " these remarkable properties 
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are present—that is to say, for what purpose although 
we know that if they were not present the whole 
history and economy of our globe would be utterly 
different from what it is. Nevertheless, in spite of 
their ignorance about the real nature of water, men 
of science do not invent an “ aqueous principle or 
“ aquosity ” with the notion of “ explaining " water. 
And I have yet to hear of any duly trained and 
qualified biologist who is prepared at the present 
moment to maintain the existence of a “ vital 
principle,” or of a force to be called ” vitality, 
supposed to be something different in character and 
quality from the recognised physical forces, and having 
its existence alongside, yet apart from, the manifesta¬ 
tions of those forces. 

Lord Justice Fletcher Moulton recently said: 

“ The advance in science takes the workers in science 
more and more beyond the ken of the ordinary public, 
and their work grows to be a little understood and 
much misunderstood; and I have felt that, as in many 
other cases, the need would come for interpreters 
between those who are carrying on scientific research 
and the public, in order to explain and justify their 
work.” Probably everyone will agree with the Lord 
Justice : but what are we to say of those responsible 
owners of great journals who not only abstain from 
providing such interpretation but allow incompetent 
writers to mislead the public ? 

Professor Schafer has given an admirable and clear 
statement of the progress during recent years towards 
the realisation of the construction in the laboratory by 
chemical methods of the complex chemical combina¬ 
tion which exhibits those “ activities ”—essentially 
movements, unions, disruptions, and re-unions of 
extremely minute particles—which we call " living.” 
The conclusion that such a gradual building up has 
taken place in past ages of the history of our earth was 
formulated more than forty years ago by Spencer, 
Tyndall, Huxley, Haeckel, and others, and has not 
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been seriously attacked in the interval, but, on the 
contrary, generally accepted as a legitimate inference 
from the facts ascertained and the theory of the 
evolution or gradual development of what we call 
the material universe. 

Professor Schafer expressed the opinion, anticipated 
and shared by many other investigators, that the 
progress of chemical experiment renders it probable 
that further steps, culminating in thp successful 
construction of “ living ” matter in the laboratory, 
are not beset by any insurmountable obstacles and 
will sooner or later be accomplished. 

Serious thinkers of all schools seem to have adjusted 
themselves to the more modern way of regarding 
natural processes even when these relate to matters 
such as the inception of “ living " organisms and of 
conscious humanity itself. There are fewer now than 
there were who insist on the older barbaric “ explana¬ 
tions ” of these marvels. Few indeed venture to 
assert the existence of " spirits "—ghostly essences 
of various grades and capacities which enter the 
bodies of living things and escape from them like so 
much gas when they die. 

Many years ago the facts which were known as 
to that changing state of material substances which 
we describe by the words “ hot ” and “ cold," were 
held to be “ explained ” by the existence of a ghostly 
thing called “ caloric," which was believed to enter 
various bodies and make them hot and then to escape 
from them and so make them cold. Primitive man 
multiplied such ways of explaining each and every 
process going on in the world around him and in 
himself. Mere words or names lost their first simpF 
signification and acquired permanent association with 
imaginary spirits, demons, and haunting intangible 
ghosts, by reference to which our ancestors in their 
earliest “ reasoning ” explained to their own satis¬ 
faction the strange and sudden events fraught to 
them with the daily experience of pain or pleasure. 
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The whole world was held by them to be ” bewitched,” 
and it was only by slow and painful steps that some 
knowledge of the persistent order of Nature was 
obtained, whilst the phantastic imagery which had 
served in its place, bit by bit disappeared. ” Caloric ” 
was a late lingerer, and was only got rid of when 
what had been so called was shown to be a vibration 
of particles—a mode or kind of motion—a ” state,” 
and not a mysterious fluid existing as a thing in itself. 

Just as “ caloric ” no longer serves and is no longer 
possible as the supposed “explanation” of the 
behaviour of bodies in the hot or the cold state, so 
we no longer require the supposition of “ spirits ” 
of one kind or another as “ explanations ” of the 
hving state of those products of our mother earth 
which are called plants, animals, and men. In neither 
case do such “ spirits ” really “ explain ” the state 
ni question; they are only names for the activity 
which it was imagined that they served to explain. 
These states or affections of matter remain as wonder- 
lu and important to us as they were before. But 

havp U v, ng U u th ^ p F ehistoric notions about them which 

thinv n? handed ° n unt . U the Present day we can 
a ^u iem ln * m . ore satisfactory way—a wav which 

aeenciU 6 ! T1 J^ t 'P^ ca ^ on of unnecessary imaginary 

EatTnfcT?' “"“P*' 011 of an intemittent and 

“S oneSinn M W .? ower ’ and substitutes tor it 
forces? continuous orderly and preordained 

eithelVh? w 3t ? ve neither ascertain nor imagine 

wWch we te" r g l ^ “?■ °‘ the 

trarp it k ! in operation to-day. We can 

remote pas? but ' ve {J^? ta ¥ ishe d inference into a 

the possibilities of h ^ is not within 

reasonableprotebUiWTh Ught We . Can ’ ** 
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in many combinations time wiU bring 

manifestations of that d depositions which are the 
ns of that process at this moment of 
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time, but we cannot even think of a cessation of that 
process. 

Should we ask, “ Why does this process exist ? ” 
there is no answer. Nature does not reply; an 
awful silence meets our inquiry. The reproach is 
often urged against science—the knowledge of the 
order of nature—that it does not tell us “ why we 
are here.” Man inevitably desires to know why he 
is here; but “ science,” as that word is now under¬ 
stood, does not profess to answer that question, 
although the false hope has been raised in ignorant 
minds, sometimes by knavery, sometimes by honest 
delusion, that it could do so. By knowledge of 
nature mankind can escape much suffering and 
gain the highest happiness, but that is all that we 
can hope for from it. We shall never satisfy our 
curiosity, we shall never know in the same way as 
we know the order of nature, why—to what end, 
for what purpose—that order and not another order 

exists. 

It is very generally supposed that it is the business 
and profession of science “ to explain ” things—that 
is to say, to show how this or that must and does come 
about in consequence of the operation of the great 
general properties of matter, known as the “ laws ” 
of chemistry and physics. This is true enough, but 
it is equally the work of science to assert that of many 
things for which mankind demands “ an explanation,” 
there is no explanation. It is further the work and 
the service of science to destroy and to remove from 
men’s minds the baseless and pretended " explana¬ 
tions ” which are no explanations but causes of 

error, blindness, and suffering. . „ . , 

Science, the destroyer of “ explanations, is tne 
purifier of the human mind, its cleanser from the 
crippling infection of prehistoric error and from 
domination by the terrifying nightmares of our halt- 

animal ancestry. . A .. . . 

Finally, in reference to the very ancient attempt to 
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“ explain ” life and consciousness by the assertion 
that they are due to “ spirits ” which enter the bodies 
of animals and men, I must caution the reader against 
supposing that—for those who do not accept the 
belief that such spirits exist—the gravity and mystery 
of the manifestations of life and consciousness are 
in any way lessened. Those who reject the belief 
in “ spirits " do not in consequence reject the ethical 
and moral doctrines which have too long been rendered 
“ suspect " by the shadow cast over them by ancient 
superstition. The disappearance of that shadow will 
reveal friends where enemies were supposed to be 
entrenched. 

Assuredly it cannot lower our conception of 
man’s dignity if we have to regard him as “ the 
flower of all the ages ” bursting from the great 
stream of life which has flowed on through countless 
epochs with one increasing purpose, rather than 
as an isolated miraculous being, put together 
abnormally from elemental clay, and cut off by 
such portentous origin from his fellow animals and 
from that gracious nature to whom he yearns with 

dear mothe*’ kn0wing her > in spite °* tables «to be his 

A cwtdn number of thoughtful persons admit 
he development of man’s body by natural processes 

nZt Pe ; 1,ke but Wfcve in the non-natural 
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How do you propose to divide the series presented 
by every individual man in his growth from the egg ? 
At what particular phase in the embryonic series is 
the soul with its consciousness implanted? Is it 
in the egg? in the foetus of this month or that? in 
the new-born infant ? or at five years of age ? ” This, 
it is notorious, is a point upon which churches have 
never been able to agree; and it is equally notorious 
that the unbroken series exists—that the egg becomes 
the foetus, the foetus the child, and the child the man. 
On the other hand we have the historical series—the 
series, the existence of which is inferred by Darwin 
and his adherents. This is a series leading from simple 
egg-like organisms to ape-like creatures, and from 
these to man. Will those who cannot answer our 
previous inquiries undertake to assert dogmatically 
in the present case at what point in the historical 
series there is a break or division? At what step 
are we to be asked to suppose that the order of nature 
was stopped, and a non-natural soul introduced? 
The theologian is content in the case of individual 
development of the egg to admit the fact of individual 
evolution, and to make assumptions which lie alto¬ 
gether outside the region of scientific inquiry. So, 
too, it would seem only reasonable that he should 
deal with the historical series, and frankly accept the 
natural evolution of man from lower animals, declaring 
dogmatically, if he so please, but not as an inference 
of the same order as are the inferences of science, 
that something called the soul arrived at any point 
in the series which he may think suitable. At 
the same time, it would appear to be sufficient 
even for the purposes of the theologian, to hold that 
whatever the two above-mentioned series of living 
things contain or imply, they do so as the result 
of a natural and uniform process of development, 
that there has been one “ miracle "—once and for all 
time. 

The difficulties which the theologian has to meet 
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when he is called upon to give some account of the 
origin and nature of the soul certainly cannot be 
said to have been increased by the establishment of 
the Darwinian theory. For from the earliest days 
of the Church, ingenious speculation has been lavished 
on the subject. 

St. Augustine says: ** With regard to the four 
following opinions concerning the soul—viz. (1) 
whether souls are handed on from parent to child by 
propagation; or (2) are suddenly created in individuals 
at birth; or (3) existing already elsewhere are divinely 
sent into the bodies of the new-born; or (4) slip 
into them of their own motion—it is undesirable for 


anyone to make a rash pronouncement, since up to 
the present time the question has never been discussed 
and decided by catholic writers of holy books on 
account of its obscurity and perplexity—or, if it has 

been dealt with, no such treatises have hitherto come 
into my hands." 

There must be many who will be glad to shake off 
e illusion of explanation which is no explanation, 
and to escape from the futile discussion of the possible 
behaviour of spirits and ghosts born in the dreams 
°t Ppmseval savages. They will gladly accept the 
eoncluswn that the marvellous qualities and activities 
o living things and that inscrutable wonder, the mind 
0 man, are outcomes of the orderly process of Nature 
no less than are the miracles which we call a buttercup, 
? [ ock crystal, a glacier, the noon-day sun ! We can 
trace by ob^r^ion an d inference, the orderly 
growth and development of these things from simpler 
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“principles” or “spirits” are concerned with them 
whilst the rest are to be accounted for and explained 
in a more general way. Wherever we push our 
inquiries we come equally and inevitably, as did 
primaeval man, to that of which there is no explanation 
—the perpetual miracle of the nature of things, of 
existence itself. The man of science bows his head 
in the presence of this all-pervading mystery. He is 
called arrogant by those who arrogate to themselves 
the right to “ explain ” things and to deal in vital 
spirits and metaphysical nostrums for that purpose. 
From time to time they fill with their proclamations 
the great silence which he has learnt to accept with 
reverence and humility. As the years roll on their 
hollow phrases are less frequent, and acquire the 
pathetic interest which belongs to all such decaying 
remnants of the thought and effort of the childhood 
of man. 

It seems still to be necessary to insist that it is 
not reasonable to assume as an indisputable fact that 
man can arrive at an “ explanation ” of existence and 
the nature of things. This assumption has been 
made in the past, and, by a well-known trick of 
advocacy, it has been argued that since science fails 
to “ explain ” these things, the old prehistoric fancies 
as to spirits—even though they “ explain nothing 
and have themselves to be “ explained ' —hold the 
field and must be accepted as true. There is an 
alternative, and that is to admit our ignorance. No 
man has ever seen or knows what is on the other side 
of the moon, that which does not face our earth. 
There are few amongst us who, in this admitted and 
complete state of ignorance, would persist in declaring 
that we must accept as true the suppositions of 
ancient races of men as to the existence there o 
men-like creatures, or would be deluded by the 
argument that since we do not know what is there 
the suppositions in question must be accepte 
as true. We cannot, as a matter of observation. 
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assert that these supposed beings arc not there, 
but we can find no reason to make it appear 
even probable, nor any means of proving by experi¬ 
ment, that they are. We refuse to entertain such 
suppositions. 
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